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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma depositing device 
which can form an amorphous thin film or a fine crystal thin film 
with a uniform thickness and provide a high frequency discharge 
electrode used in the plasma deposition device. 
SOLUTION: A plurality of electrode rods 12a are arranged in 
parallel with each other, and both ends of the rods 1 2a are 
connected to each other with electrode rods 12b and 12c to form a 
ladder-shaped high frequency discharge electrode 11. Feeding 
points 13 (13-1 to 13-4) are arranged at predetermined positions 
which are symmetrical with respect to a reference line 14, which is 
a bisector of one side of the ladder-shaped electrode 1 1 . With this 
constitution, voltage variations on the ladder-shaped electrode 
which has effects on the uniformity of a discharge distribution can 
be suppressed sufficiently and a uniform film forming speed 
distribution can be obtained, so that uniform deposition can be 
realized, even if the area of the deposition becomes vary large. 




MS* WW 



http://ww!9.ipdl.nd^^^ 6/16/2005 



BEST AVAlLAbLt Cur t 



JP,2000-003878,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 




JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The discharge electrode characterized by being the discharge electrode of the RF plasma generator to 
which electric power is supplied through an adjustment machine from an RF generator, and being the ladder 
mold or grid mold discharge electrode which has the feeding point of the high-frequency power of at least two 
or more points. 

[Claim 2] The discharge electrode characterized by making two electrode groups which put two or more 
electrodes in order in parallel intersect perpendicularly mutually in claim 1 , coming to arrange, and coming to 
allot the feeding point of high-frequency power to the location of axial symmetry on the basis of the bisector of 
each side of a high-frequency-discharge electrode. 

[Claim 3] The RF plasma generator which is a RF plasma generator which it comes to arrange a discharge 
electrode and a substrate support means in parallel, and supplies electric power in high-frequency power from 
an RF generator through an adjustment machine at said discharge electrode in a reaction container, and is 
characterized by using claim 1 or the discharge electrode of 2 for said discharge electrode. 
[Claim 4] The RF plasma generator characterized by preparing said electric supply section in the periphery of a 
discharge electrode which does not counter a substrate in claim 3. 

[Claim 5] The RF plasma generator characterized by making equal the die length of the power transmission line 
from an adjustment machine to each feeding point in claim 3 or 4. 

[Claim 6] The RF plasma generator characterized by making the same as the size of the electrode near the 
electric supply section at least the size of the unreserved metal connector area which is not insulated which 
connects the power line of the feeding point and the transmission line in claim 3 thru/or 5 in case the 
transmission line is connected to the electric supply section of a discharge electrode. 

[Claim 7] The RF plasma generator characterized by setting distance of the termination metal section of the 
earth line of the feeding point and the transmission line to at least 1cm or more in claim 3 thru/or 6. 
, [Claim 8] The RF plasma generator characterized by making anchoring to the discharge electrode of the 
transmission line into a different side from the substrate of a discharge electrode in claim 3 thru/or 7, and 
making whenever [ setting angle ] into 45 degrees or more of slant at least. 

[Claim 9] The RF plasma generator characterized by setting the minimum distance from the metal part of the 
power line of the transmission line to a touch-down part to at least 1cm or more in claim 3 thru/or 8. 
[Claim 10] The RF plasma generator characterized by covering the metal connector of the electric supply 
section to a discharge electrode with a with a 10mm or more 40mm or less outer diameter insulating material in 
claim 3 thru/or 9. 

[Claim 11] The RF plasma generator characterized by setting the clearance between the periphery of a metal 
connector, and the inner circumference of an insulating material to 3mm or less in claim 10. 
[Claim 12] The RF plasma generator characterized by considering as the discontinuous construction to which 
the electric supply structure to a discharge electrode made the transmission line the structure connected by the 
connector and the receptacle, and set the connector, the central conductor of the connection circles section of a 
receptacle, and the clearance between the directions of a path between external shielding to 3mm or less in 
claim 3 thru/or 1 1 . 

[Claim 13] It is the RF plasma generator which it comes to arrange a discharge electrode and a substrate support 
means in parallel, and supplies electric power in high-frequency power from an RF generator through an 
adjustment machine at said discharge electrode in a reaction container. The RF plasma generator characterized 
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by setting up the number oBKe feeding points, and the location of the^Buing point so that a substrate and the 
shortest distance measured along with the electrode from all the points of the range which counters to at least 
one of said the feeding points may become 1/4 or less [ of the vacuum medium wave length of a RF ] among the 
electrode surfaces of said discharge electrode. 

[Claim 14] It is the RF plasma generator which it comes to arrange a discharge electrode and a substrate support 
means in parallel, and supplies electric power in high-frequency power from an RF generator through an 
adjustment machine at said discharge electrode in a reaction container. In case RF supply to a discharge 
electrode is performed by the multipoint, the feeder way which divides one output from a RF source of supply 
into plurality is a coaxial cable, and this coaxial cable is divided into two., respectively by the die length of the 
quadrant of the wavelength in the cable of a RF The RF plasma generator characterized by connecting with the 
coaxial cable of the same characteristic impedance as said coaxial cable, dividing the tip into two further, 
respectively, and dividing into plurality by connecting the coaxial cable of the respectively same characteristic 
impedance as said coaxial cable. 

[Claim 15] The RF plasma generator characterized by a coaxial cable being a distributed constant track in claim 
14. 

[Claim 16] The electric supply approach of the RF plasma generator which is the electric supply approach of a 
RF plasma generator of coming to arrange a ladder mold or a grid mold discharge electrode, and a substrate 
support means in a reaction container in parallel, and supplying electric power to said discharge electrode in 
high-frequency power from an RF generator through an adjustment machine, and is characterized by supplying 
electric power considering said feeding point as a multipoint of two or more points. 

[Claim 17] The electric supply approach of the RF plasma generator characterize by supply electric power, set 
up the number of the feeding points, and the location of the feeding point so that a substrate and the shortest 
distance measured along with the electrode from all the points of the range which counter to at least one of said 
the feeding points may become 1/4 or less [ of the vacuum medium wave length of a RF ] among the electrode 
surfaces of said discharge electrode in claim 16. 

[Claim 18] In case RF supply to a discharge electrode is performed by the multipoint in claim 16, the feeder 
way which divides one output from a RF source of supply into plurality is a coaxial cable. This coaxial cable is 
divided into two., respectively by the die length of the quadrant of the wavelength in the cable of high 
frequency It connects with the coaxial cable of the same characteristic impedance as said coaxial cable. The 
electric supply approach of the RF plasma generator characterized by supplying electric power, dividing the tip 
into two furthermore, respectively, and dividing into plurality by connecting the coaxial cable of the 
respectively same characteristic impedance as said coaxial cable. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the discharge electrode configuration and the electric supply approach 
of a RF plasma generator which are used for film production of semi-conductors, such as an amorphous silicon 
used for a solar battery, a thin film transistor, etc., microcrystal silicon, poly crystalline silicon, and silicon 
nitride, and etching of the semi-conductor film. 
[0002] 

[Description of the Prior Art] In order to manufacture an amorphous silicon (henceforth "a-Si") thin film, and a 
silicon nitride (henceforth "SiNx") thin film as an example of said RF plasma generator, two typical examples 
are explained about the configuration of the plasma chemistry vacuum evaporationo equipment (henceforth 
"PCVD" or "vacuum evaporationo equipment") used conventionally. That is, the approach using ** ladder 
electrode as an electrode used for discharge generating and the approach using ** parallel plate electrode are 
explained below. 

[0003] ** About the approach using a ladder electrode, the plasma-CVD equipment which used the electrode of 
various configurations as a ladder-like plan type coil electrode is first indicated by JP ,4-236781 ,A. It explains 
using drawing 21 which shows the typical configuration of this approach. As shown in drawing 21 , the ladder 
electrode 02 for discharge (henceforth a "ladder electrode") and the heater 03 for substrate heating are arranged 
in parallel in the reaction container 01 , an impedance matching box 05 is ladder minded [ said / 02 ] from RF 
generator 04 for discharge, for example, this PCVD equipment is 13.56MHz. High-frequency power is 
supplied. RF generator 04 is connected to the end of the ladder electrode 02 through the impedance matching 
box 05, the earth wire 06 is connected to the other end of the ladder electrode 02, and said ladder electrode 02 
for discharge is grounded with the reaction container 01 shown in drawing 21 , as shown in drawing 22 showing 
the perspective view. 

[0004] The high-frequency power supplied to said ladder electrode 02 for discharge generates the glow 
discharge plasma between the heaters 03 for substrate heating and the ladder electrodes 02 for discharge which 
were arranged in the reaction container 01 , and flows to a ground through the earth wire 06 of the ladder 
electrode 02 for discharge. In addition, the coaxial cable is used for this earth wire 06. 

[0005] In said reaction container 01, it lets the reactant gas installation tubing 07 pass from the bomb which is 
not illustrated, for example, the mixed gas of a mono silane and hydrogen is supplied as reactant gas 08. It is 
decomposed by the glow discharge plasma generated with the ladder electrode 02 for discharge, and the 
supplied reactant gas 08 is held on the heater 03 for substrate heating, and is deposited on the substrate 09 
heated by predetermined temperature. Moreover, the gas in the reaction container 01 is exhausted by the 
vacuum pump 011 through an exhaust pipe 010. 

[0006] Hereafter, the case where a thin film is manufactured to a substrate using said equipment is explained. 
As shown in drawing 21 , after driving a vacuum pump 01 1 and exhausting the inside of the reaction container 
01, it lets the reactant gas installation tubing 07 pass, for example, the mixed gas of a mono silane and hydrogen 
is supplied as reactant gas 08, and the pressure in the reaction container 01 is maintained at 0.05 - 0.5Torr. In 
this condition, if high-frequency power is impressed to the ladder electrode 02 for discharge from RF generator 
04, the glow discharge plasma will occur, the glow discharge plasma produced between the ladder electrode 02 
for discharge and the heater 03 for substrate heating decomposes reactant gas 08 — having — this result — SiH3 
and SiH2 etc. ~ the radical containing Si occurs, it adheres to substrate 09 front face, and an a-Si thin film is 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/16/2005 



JP,2000-003878,A [DETAILED DESCRIPTION] 



Page 2 of 19 



formed. 

[0007] ** Next, explain the approach using an parallel plate electrode as an electrode used for discharge 
generating with reference to drawing 23 . As shown in drawing 23 , RF electrode 022 and the heater 023 for 
substrate heating are arranged in parallel in the reaction container 021 . An impedance matching box 025 is 
minded [ said / 022 ] from RF generator 024, for example, it is 13.56MHz. High-frequency power is supplied. 
The heater 023 for substrate heating is grounded with the reaction container 021, and serves as an earth 
electrode. Therefore, the glow discharge plasma occurs between RF electrode 022 and the heater 023 for 
substrate heating. 

[0008] In said reaction container 021, the mixed gas of a mono silane and hydrogen is supplied as reactant gas 
027 through the reactant gas installation tubing 026 from the bomb which is not illustrated. The gas in the 
reaction container 021 is exhausted by the vacuum pump 029 through an exhaust pipe 028. A substrate 030 is 
held on the heater 023 for substrate heating, and is heated by predetermined temperature. 
[0009] Using the equipment of a configuration of having mentioned above, as it is the following, a thin film is 
manufactured. As shown in drawing 23 , a vacuum pump 029 is driven and the inside of the reaction container 
021 is exhausted. Next, if the mixed gas of a mono silane and hydrogen is supplied as reactant gas 027 through 
the reactant gas installation tubing 026, the pressure in the reaction container 021 is maintained at 0.05 - O.STorr 
and an electrical potential difference is impressed to RF electrode 022 from RF generator 023, the glow 
discharge plasma will occur. Mono-silane gas is decomposed by the glow discharge plasma produced between 
RF electrode 022 and the heater 023 for substrate heating among the reactant gas 027 supplied from the reactant 
gas installation tubing 026. consequently, SiH3 and SiH2 etc. — the radical containing Si occurs, it adheres to 
substrate 030 front face, and an a-Si thin film is formed. 
[0010] 

[Problem(s) to be Solved by the Invention] However, each of approaches using ** ladder electrode as an 
electrode used for discharge generating and conventional approaches using ** parallel plate electrode has the 
following problems. 

** the electric field generated in about 02 ladder electrode in drawing 21 — reactant gas (for example, SiH4) 08 
— Si, SiH, SiH2, SiH3, H, and H2 etc. — it is decomposed and the a-Si film is formed in the front face of a 
substrate 09. However, in order to attain improvement in the speed of a-Si film formation, it is 13.56MHz of the 
present condition about the frequency of an RF generator. 30MHz Or when it is made high to 300MHz 
(ultrahigh frequency band Very High Frequency following VHF band), there is a problem that uniformity 
collapses [ about 02 ladder electrode electric-field distribution ], and thickness distribution of the a-Si film 
formed by the substrate 09 as the result gets extremely bad. 

[001 1] Drawing 24 shows the relation between a substrate area 30cmx30cm plasma power line period and 
thickness distribution (gap from average thickness) using the ladder electrode 02. It is 5cmx5cm thru/or about 
20cmx20cm, the magnitude, i.e., the area, of a substrate which can secure the uniformity (less than **10%) of 
thickness distribution. 

[0012] The reason with difficult homogeneity film production with the VHF band of an approach using the 
ladder electrode 02 is as follows. In a vacuum, the wavelength of a VHF band is l-10m, and is the size and 
equivalent order of a circuit of film production equipment as it is shown in Table 1 . All over the coaxial cable 
used for transmission of power, and distributed constant tracks, such as a ladder electrode, further, wavelength 
becomes short and, in the case of a coaxial cable, wavelength increases short 0.67 times. Although a standing 
wave stands when an impedance mismatch exists in a circuit and reflection cuts, spacing of an antinode is 1/2 of 
track wavelength at that time. 
[0013] 
[Table 1] 
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[0014] Therefore, in a large area electrode, for the distribution of voltage produced under the effect of a 
standing wave, the electric-field distribution near the electrode becomes uneven, and discharge becomes an 
ununiformity. This situation is described in the 1st advanced-technology reference (J.Appl.Phys.54(8) and 
1983.p.4367). By this reference, the heterogeneity of discharge by standing wave distribution of a single 
dimension is describing, and a ladder electrode is also considered that such heterogeneity arises about one 1 
electrode by it. 

[0015] Moreover, since the die length becomes comparable as the wavelength shown in "Table 1", the earth 
wire 06 shown in drawing 22 will not work as a ground, but will work as a short circuit edge by one fourth of 
wavelength an open end and 1/2, and will influence voltage-current distribution. Furthermore, with a VHF 
band, it becomes impossible to disregard the voltage-current distribution by the stray capacity produced 
between an electrode, the surrounding structure, a grounded plate, etc., the residual inductance in alignment 
with an electrode, etc., and homogeneity gets worse. 

[0016] for example, a dozens of cm electrode — several — the inductance of nH — having — **** — 100MHz 
****-- this is equivalent to the impedance of several ohms, and, similarly cannot be disregarded compared with 
the plasma impedance of several ohms. 

[0017] Furthermore, with a VHF band, a current stops being able to flow easily due to the skin effect, and it is 
100MHz. It becomes the resistance of about 0.5ohms per m, and becomes the cause of the heterogeneity of 
discharge, and current loss. 

[0018] Since discharge becomes an ununiformity by the above causes, uniform film production is difficult. 
Therefore, a mass-production disposition top and the improvement in the membrane formation rate by high- 
frequency-izing of the plasma power source about a large area substrate required for low-cost-izing are very 
difficult. In addition, since the membrane formation rate of a-Si is proportional to the square of a plasma power 
line period, research is activating also at the society of a related technical field. Furthermore, there is still no 
example of a success to large-area-izing. 

[0019] Moreover, by the electric supply to the ladder electrode 02, it is 13.56MHz conventionally. Although it 
was satisfactory especially only by ****ing and carrying out the stop of the central conductor of a commercial 
coaxial cable to the rod of a ladder electrode when using, in plasma generating with a VHF band, the plasma 
unnecessary for the ground shielding circumference of a central conductor and a coaxial cable and strong 
occurs. Especially at the time of high power, the quite strong plasma occurs locally. There is a problem that the 
film production rate near the feeding point will become quick locally by this plasma, membraneous quality will 
deteriorate, or powder will be generated depending on the case. 

[0020] ** the electric field generated between RF electrode 022 and the heater 023 for substrate heating in 
drawing 23 - reactant gas (for example, SiH4) - Si, SiH, SiH2 SiH3, H, and H2 etc. - it is decomposed and 
the a-Si film is formed in the front face of a substrate 030. However, in order to attain improvement in the speed 
of a-Si film formation, it is 13.56MHz of the present condition about the frequency of RF generator 022. If it is 
made high to a VHF band, the uniformity of the electric-field distribution generated between RF electrode 022 
and the heater 023 for substrate heating will collapse, and thickness distribution of the a-Si film will get 
extremely bad as the result. 

[0021] Drawing 24 is the property Fig. showing a substrate area 30cmx30cm plasma power line period and the 
relation of thickness distribution (gap from average thickness) using the parallel monotonous mold electrode 
022. It is 5cmx5cm thru/or about 20cmx20cm, the magnitude, i.e., the area, of a substrate which can secure the 
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uniformity (less than ** 1 Wo) of thickness distribution. 

[0022] The reason nil why the homogeneity film production in the VHF band by the approach using an parallel 
plate electrode is difficult is as follows. First, an parallel monotonous mold is the structure which cannot supply 
reactant gas to homogeneity easily from the first compared with a ladder electrode mold. If gas 027 is supplied 
from the reactant gas supply pipe 026 like drawing 23 as the trouble is stated to the 2nd advanced-technology 
reference (Mat.Res.Soc.Symp.Proc.Vol.219 (1991) p.631.) in detail, a difference will appear in a film 
production rate in a part far from the part near the supply side on a substrate 030. Moreover, although 
illustration is not carried out, also by the approach of supplying reactant gas from there, since the diffuser 
product of gas is narrow, it is easy to install many holes in RF electrode 022, and to become uneven thickness 
distribution. 

[0023] Furthermore, like a ladder electrode, under the effect of a standing wave, distribution of voltage gets 
worse and the heterogeneity of discharge arises with a VHF band, and in a ladder electrode, the flow of a 
current is restricted in the direction of an electrode, and a terminal impedance is also determined with an earth 
wire — receiving -- an parallel plate — if — distribution of voltage and current distribution serve as two- 
dimensional, since a terminal impedance is also the whole periphery of an electrode 22, it will become 
complicated, and depending on the case, it becomes the uneven discharge distribution accompanied by time 
amount change. 

[0024] On the other hand, in a ladder electrode, since the parallel monotonous mold is generating the plasma 
according to uniform electric-field distribution to not being influenced so much even if there is existence of the 
standing wave of many smallness since the electric-field distribution which generates the plasma is surrounding 
uneven distribution of an electrode from the first, when the homogeneity of electric field is confused, it has the 
property that the homogeneity of the plasma gets worse remarkably. 

[0025] Therefore, a mass-production disposition top and the improvement in the membrane formation rate by 
high-frequency-izing of the plasma power source about a large area substrate required for low-cost-izing are 
very difficult. In addition, although research is activating also at the society of a related technical field since the 
membrane formation rate of a-Si is proportional to the square of a plasma power line period, there is still no 
example of a success to large-area-izing. 

[0026] Large area film production with the VHF band which used the parallel monotonous mold is reported to 
the 3rd advanced-technology reference (L.Sansonnens et.al, Plasma Sonrces Sci.Technol.6 (1997) p. 170). With 
this advanced-technology reference, it is 70MHz. When electric power is supplied in the center, it is supposed 
that there is **38% of heterogeneity. This is equivalent to the result of us who show drawing 24 , and it is the 
heterogeneity of the level which can be used neither for a solar battery nor a thin film transistor. Similarly it is 
70MHz. Homogeneity is improved by supplying electric power to four points, and although it becomes ** 1 8%, 
now, **10% of homogeneity required for a solar battery etc. cannot be attained. 

[0027] moreover, the plasma chemistry vacuum evaporationo equipment which used the grid-like (shape of grid 
— or reticulated) discharge electrode in addition to the ladder mold mentioned above and the parallel 
monotonous mold electrode is proposed. The outline of the configuration of the plasma chemistry vacuum 
evaporationo equipment using this grid-like high-frequency-discharge electrode is shown in drawing 25 . 
[0028] As shown in drawing 25 , PCVD031 comes to arrange the grid-like high-frequency-discharge electrode 
038 arranged between the substrate 037 supported by the substrate support means 036 which makes the 
substrate heating apparatus which countered with the material gas feed zone material 035 which has the gas 
inlet 034 which introduces material gas 033 in a vacuum housing 032, and this material gas feed zone material 
035, and has been arranged serve a double purpose, and this substrate 037 and the material gas feed zone 
material 035. The sign 039 in drawing illustrates a vacuum pump, and 040 illustrates an RF generator. 
[0029] The manufacture approach of the amorphous thin film by the vacuum evaporationo equipment 031 
mentioned above and a microcrystal thin film is shown below. A substrate (for example, glass, stainless steel, a 
thermally stable polymer ingredient) 037 is fixed to the substrate support means 036 which makes substrate 
heating apparatus serve a double purpose, and it heats to predetermined temperature (for example, 200 degrees 
C). Moreover, evacuation of the inside of a vacuum housing 032 is carried out with a vacuum pump 039 (to for 
example, lxlO-6Torr extent). . Next, material gas (for example, SiH4 gas) 033 is introduced in a vacuum 
housing 032 from the material gas inlet 034. Value predetermined in the inside of a vacuum housing 032, the 
feed gas pressure force, and a flow rate (they are 800sccm(s) for example, at O.lTorr(s)) An introductory flow 
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rate and an exhaust air flox^ate are adjusted so that it may become. 

[0030] Next, high-frequency power (it is 800W at 60MHz) is inputted into the high-frequency-discharge 
electrode 08 from RF generator 040, and the plasma 041 of material gas 032 is generated around the high- 
frequency-discharge electrode 038. The plasma 041 is activated and the introduced material gas 033 will be in a 
radical condition (for example, it is called SiH2, SiH3, and a following radical). The radical which reached up 
to substrate 037 front face supported by the substrate support means 036 is deposited on substrate 037 front 
face, carrying out chemical association mutually, and forms thin films (for example, an amorphous silicon thin 
film, a microcrystal silicon thin film, etc.). 

[0031] In recent years, the PCVD equipment an amorphous-silicon solar cell, a microcrystal silicon solar cell, 
whose liquid crystal display using a thin film transistor, etc. the demand of large-area-izing is increasing and are 
manufacturing installations is also advancing towards large-area-izing. 

[0032] However, when it large-area-izes, there is a problem that uniform vacuum evaporationo (for example, 
physical properties, thickness, etc.) of a thin film becomes difficult. This is made into the factors with main 
heterogeneity of flow rate distribution of the distributed gas to ** substrate side top and heterogeneity of the 
distribution of voltage on ** discharge electrode side. Moreover, although it is progressing also towards RF- 
izing of a power line period and RF-ization to a still higher frequency domain (for example, 40-200MHz) from 
13.56MHz used well conventionally is performed as a membrane formation rate or a way stage for the 
improvement in membraneous In this field, since wavelength serves as order comparable as substrate size, the 
heterogeneity of the distribution of voltage on the electrode surface under the effect of a standing wave etc. 
becomes still more remarkable, and it has become the new factor which bars the uniform membrane formation 
by the large area. 

[0033] Drawing 26 shows the configuration of the material gas supply pipe 051 which raises the homogeneity 
of flow rate distribution of the distributed gas in conventional plasma chemistry vacuum evaporationo 
equipment, the high-frequency-discharge electrode 052, and a substrate 053, and an example of arrangement. 
The material gas supply pipe 051 is a configuration which has arranged the gas pipe 055 which formed the gas 
blowdown hole 054 to ladder-like, and as shown in drawing 26 , it is arranged so that it may become parallel to 
a substrate 053, so that material gas can be supplied all over substrate 053. Moreover, without generating the 
plasma all over substrate 053, and interrupting the flow of the material gas from a gas supply line 051, the high- 
frequency-discharge electrode 052 is also arranged at a substrate and parallel in the configuration which has 
arranged the electrode 056 to ladder-like so that it can supply uniformly. In the high-frequency-discharge 
electrode 052 as shown in drawing 26 , the feeding point 057 is formed in the central part. 
[0034] Since the homogeneity of distribution of the flow rate of distributed gas was raised compared with the 
case where the electrode of the parallel monotonous mold generally used is used by the approach shown in 
drawing 26 , in membrane formation with the conventional power line period of 13.56MHz, the homogeneity of 
the thin film in a large area was good. However, when using the power line period of the frequency domain 
higher than before for high-speed high quality membrane formation etc., it was difficult for distribution of 
voltage to have become [ tend ] an ununiformity in the configuration of the high-frequency-discharge electrode 
concerning a Prior art, and to have made the whole high-frequency-discharge electrode generate the uniform 
plasma. 

[0035] The distribution of voltage using the high-frequency-discharge electrode 052 shown in drawing 26 is 
shown in drawing 27 . As shown in drawing 27 , it is shown that the electrical potential difference of the part of 
the electrode 056 which has the feeding point 057 into a central part is uneven high distribution of voltage, and 
the plasma has become an ununiformity. 

[0036] On the other hand, as stated previously, according to the 3rd advanced-technology reference, by 
supplying electric power to four symmetrical points centering on the center or center on an electrode surface, 
distribution of voltage with a comparatively uniform power line period is acquired, and at least 70MHz of 
comparatively uniform thin films is obtained with parallel monotonous mold PCVD equipment. However, also 
in this conventional technique, the heterogeneity of thickness is as high as **18%, and PCVD equipment with 
which the present condition is that the thin film (**10% or less) uniform enough is not obtained, and it can 
obtain a uniform thin film is desired. 

[0037] This invention makes it a technical problem to offer the high-frequency-discharge electrode with which 
thickness can manufacture a uniform amorphous thin film and a microcrystal thin film, and the plasma vacuum 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/16/2005 



JP,2000-003878,A [DETAILED DESCRIPTION] 



Page 6 of 19 



evaporationo equipment v^^g it in view of said problem. 
[0038] 

[Means for Solving the Problem] Invention of the high-frequency-discharge electrode of [claim 1] which solves 
said technical problem is the discharge electrode of the RF plasma generator to which electric power is supplied 
through an adjustment machine from an RF generator, and is characterized by having the feeding point of the 
high-frequency power of at least two or more points. 

[0039] Invention of [claim 2] is characterized by making two electrode groups which put two or more 
electrodes in order in parallel intersect perpendicularly mutually, coming to arrange, and coming to allot the 
feeding point of high-frequency power to the location of axial symmetry on the basis of the bisector of each side 
of a high-frequency-discharge electrode in claim 1 . 

[0040] Invention of the plasma vacuum evaporationo equipment of [claim 3] is a RF plasma generator which it 
comes to arrange a discharge electrode and a substrate support means in parallel, and supplies electric power in 
high-frequency power from an RF generator through an adjustment machine at said discharge electrode in a 
reaction container, and is characterized by using claim 1 or the discharge electrode of 2 for said discharge 
electrode. 

[0041] Invention of [claim 4] is characterized by preparing said electric supply section in the periphery of a 
discharge electrode which does not counter a substrate in claim 3. 

[0042] Invention of [claim 5] is characterized by making equal the die length of the power transmission line 
from an adjustment machine to each feeding point in claim 3 or 4. 

[0043] In claim 3 thru/or 6, in case invention of [claim 6] connects the transmission line to the electric supply 
section of a discharge electrode, it is characterized by making the same as the size of the electrode near the 
electric supply section at least the size of the unreserved metal connector area which is not insulated which 
connects the power line of the feeding point and the transmission line. 

[0044] Invention of [claim 7] is characterized by setting distance of the termination metal section of the earth 
line of the feeding point and the transmission line to at least 1cm or more in claim 3 thru/or 6. 
[0045] Invention of [claim 8] is characterized by making anchoring to the discharge electrode of the 
transmission line into a different side from the substrate of a discharge electrode, and making whenever [ setting 
angle ] into 45 degrees or more of slant at least in claim 3 thru/or 7. 

[0046] Invention of [claim 9] is characterized by setting the minimum distance from the metal part of the power 
line of the transmission line to a touch-down part to at least 1cm or more in claim 3 thru/or 8. 
[0047] Invention of [claim 10] is characterized by covering the metal connector of the electric supply section to 
a discharge electrode with a with a 10mm or more 40mm or less outer diameter insulating material in claim 3 
thru/or 9. 

[0048] Invention of [claim 1 1] is characterized by setting the clearance between the periphery of a metal 
connector, and the inner circumference of an insulating material to 3mm or less in claim 10. 
[0049] Invention of [claim 12] is characterized by considering as the discontinuous construction to which the 
electric supply structure to a discharge electrode made the transmission line the structure connected by the 
connector and the receptacle, and set the connector, the central conductor of the connection circles section of a 
receptacle, and the clearance between the directions of a path between external shielding to 3mm or less in 
claim 3 thru/or 1 1 . 

[0050] As for invention of [claim 13], it comes to arrange a discharge electrode and a substrate support means 
in a reaction container in parallel. It is the RF plasma generator which supplies electric power to said discharge 
electrode in high-frequency power from an RF generator through an adjustment machine. A substrate and the 
shortest distance measured along with the electrode from all the points of the range which counters to at least 
one of said the feeding points are characterized by setting up the number of the feeding points, and the location 
of the feeding point so that it may become 1/4 or less [ of the vacuum medium wave length of a RF ] among the 
electrode surfaces of said discharge electrode. 

[0051] As for invention of [claim 14], it comes to arrange a discharge electrode and a substrate support means 
in a reaction container in parallel. It is the RF plasma generator which supplies electric power to said discharge 
electrode in high-frequency power from an RF generator through an adjustment machine. In case RF supply to a 
discharge electrode is performed by the multipoint, the feeder way which divides one output from a RF source 
of supply into plurality is a coaxial cable, and this coaxial cable is divided into two., respectively by the die 
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length of the quadrant ofl^^vavelength in the cable of a RF It is cha^^rized by connecting with the coaxial 
cable of the same characteristic impedance as said coaxial cable, dividing the tip into two further, respectively, 
and dividing into plurality by connecting the coaxial cable of the respectively same characteristic impedance as 
said coaxial cable. 

[0052] Invention of [claim 15] is characterized by a coaxial cable being a distributed constant track in claim 14. 
[0053] Invention of the electric supply approach of the RF plasma generator of [claim 16] is the electric supply 
approach of a RF plasma generator of coming to arrange a ladder mold or a grid mold discharge electrode, and a 
substrate support means in a reaction container in parallel, and supplying electric power to said discharge 
electrode in high-frequency power from an RF generator through an adjustment machine, and is characterized 
by supplying electric power considering said feeding point as a multipoint of two or more points. 
[0054] Invention of [claim 17] is characterized by supplying electric power, setting up the number of the 
feeding points, and the location of the feeding point so that a substrate and the shortest distance measured along 
with the electrode from all the points of the range which counters to at least one of said the feeding points may 
become 1/4 or less [ of the vacuum medium wave length of a RF ] among the electrode surfaces of said 
discharge electrode in claim 16. 

[0055] In case invention of [claim 18] performs RF supply to a discharge electrode by the multipoint in claim 
16 The feeder way which divides one output from a high frequency source of supply into plurality is a coaxial 
cable, and this coaxial cable is divided into two., respectively by the die length of the quadrant of the 
wavelength in the cable of high frequency It is characterized by supplying electric power, connecting with the 
coaxial cable of the same characteristic impedance as said coaxial cable, dividing the tip into two further, 
respectively, and dividing into plurality by connecting the coaxial cable of the respectively same characteristic 
impedance as said coaxial cable. 
[0056] 

[Embodiment of the Invention] Hereafter, although the gestalt of operation of this invention is explained, this 
invention is not limited to this. 

[0057] [Gestalt of the 1st operation] drawing 1 is 1 detail drawing of the electric supply section to the ladder 
electrode of the gestalt of the 1st operation, and shows an example of the multipoint electric supply of at least 
two or more points to a ladder electrode. As shown in drawing 1 , the ladder electrode 1 1 of the vacuum 
evaporationo equipment concerning the gestalt of this operation puts two or more electrode 12a in order in 
parallel, connects the both ends by Electrodes 12b and 12c, comes to constitute a ladder-like electrode, and 
comes to arrange the feeding point 13 (13-1 to 13-4) in a predetermined distance of axial symmetry by making 
the bisector of one side of the high-frequency-discharge electrode 1 1 into the datum line 14. High-frequency 
power is supplied through the adjustment machine 17 at said feeding point 13-1 to 13-4 from RF generator 16, 
using a coaxial cable 15 as an electrical transmission track. Electric power is supplied through the adjustment 
machine 17 and a coaxial cable 15 at the four feeding points 13 (13-1 to 13-4) of the ladder electrode 1 1 from 
RF generator 16. 

[0058] ** In the plasma generator using the ladder electrode 11, the two or more feeding points 13 to the ladder 
electrode 1 1 are preferably made into the multipoint of four or more points. 

[0059] the shortest distance measured at least from a substrate and all the points of the range which counters 
along with the metal rod which constitutes the ladder electrode from all the points on the electrode surface of a 
discharge electrode 1 1 to at least one of the feeding points of the aforementioned ** preferably in ** ** among 
electrode surfaces — the vacuum medium wave length of a RF — 1/4 or less, the number of the feeding points 
and the location of the feeding point are set up so that it may become 1/8 or less preferably. Thus, by setting up, 
the distribution of voltage on the ladder electrode which influences the homogeneity of the discharge 
distribution on a substrate side can be suppressed sufficiently small. Therefore, a uniform film production 
velocity distribution can be acquired. 

[0060] He is trying to form the feeding point 13 on the ladder electrode 1 1 in the periphery of a substrate and 
the location 1 1 which does not counter, i.e., a ladder electrode, in ** **. It is good to attach to the frame part of 
the ladder electrode 1 1 preferably especially. Although the plasma occurs like the surroundings of the ladder 
electrode 1 1 around this at the feeding point 1 3 when it connects using a coaxial cable 1 5 as the power 
transmission line (henceforth the "transmission line") used for electric supply, this SiH3 which this plasma 
decomposes a mono silane and serves as a basis of amorphous silicon film production etc. — it is because a 
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radical is generated, so th^flm production rate of the substrate side nW[ this ] the electric supply section 
becomes high compared with other parts. Then, he is trying to attach the electric supply section 1 3 to the 
periphery of the ladder electrode which does not counter a substrate 25 so that a film production velocity 
distribution may not be influenced of the plasma such near the electric supply section. 

[0061] In ** **, the die length of the power transmission line from the adjustment machine 17 to each feeding 
point 13 is made equal. Thereby, the phase of the high-frequency voltage of each feeding point can be made 
equal, it is unstable, and it can prevent that a standing wave without unity stands, and fine tuning of a feeding 
point location required in the case of film production rate equalization can make it comparatively easy. 
[0062] Let the location of each feeding point 1 3 on the ladder electrode 1 1 be a line symmetric design with 
predetermined distance (dl) in ** ** by making the core of the ladder electrode 1 1 into the datum line 14. The 
distribution of voltage on the ladder electrode 1 1 serves as a symmetrical form by this, and fine tuning of a 
feeding point location required for the further equalization of distribution becomes easy. Moreover, it is good 
also as arrangement (feeding point 13-1 and feeding point 13-4) of point symmetry. 
[0063] In addition, the concrete example of the gestalt of this operation is explained to a detail in the 1st 
example - the 6th example. 

[0064] [Gestalt of the 2nd operation] drawing 15 is 1 detail drawing of the electric supply section to the ladder 
electrode of the gestalt of the 3rd operation, and drawing 1616 is the important section side elevation. 
** In the film production equipment by the VHF band RF plasma using the ladder electrode 1 1 When the 
transmission line (for example, coaxial cable 1 5) is connected to the electric supply section of the ladder 
electrode 11, Unreserved metal connector area 101 which connects the power line (in for example, the case of a 
coaxial cable central conductor) of the feeding point 13 of the ladder electrode 11, and the transmission line (for 
example, coaxial cable 15) and which is not insulated A size Similarly it is [ the size of ladder electrode 12a 
near the electric supply section, and ] the connector area 101 of drawing 1 6 preferably at least. It is made thick 
like. Generating of powder can be prevented, while it is canceled that strong corona discharge-like discharge 
arises and aggravation of a film production velocity distribution is prevented the surroundings of a central 
conductor, and around shielding by this. 

[0065] ** Distance (a) of the termination metal section 104 of the earth line (for example, ground shielding 15a 
of a coaxial cable 15) of the feeding point 13 and the transmission line (for example, coaxial cable 15) is 
preferably set to 2cm or more at least 1cm or more. Generating of powder can be prevented, while it is canceled 
that strong corona discharge-like discharge arises and aggravation of a film production velocity distribution is 
prevented the surroundings of a central conductor, and around shielding by this. 

[0066] ** He supposes that it is the substrate and the opposite side (background) of the ladder electrode 1 1 
about anchoring to the ladder electrode 1 1 of the transmission line (for example, coaxial cable 1 5), and is trying 
to attach whenever [ setting angle ] in a perpendicular (90 degrees) 45 degrees or more of slant, at least, as 
preferably shown in drawing 16 . Generating of powder can be prevented, while it is canceled that strong corona 
discharge-like discharge arises and aggravation of a film production velocity distribution is prevented the 
surroundings of a central conductor, and around shielding by this. 

[0067] ** The power line (in for example, the case of a coaxial cable 15 central conductor) or the metal 
connector 101 of a feeder way The minimum distance (b) from the unreserved part which is not insulated to 
components grounded, such as ground shielding 15a and a discharge chamber, is preferably set to 2cm or more 
at least 1cm or more. Generating of powder can be prevented, while it is canceled that strong corona discharge- 
like discharge arises and aggravation of a film production velocity distribution is prevented the surroundings of 
a central conductor, and around shielding by this. 

[0068] In addition, the concrete example of the gestalt of this operation is explained to a detail in the 7th 
example. 

[0069] [Gestalt of the 3rd operation] drawing 17 is one sectional view of the electric supply section to the ladder 
electrode of the gestalt of the 3rd operation, and drawing 1818 is the A section enlarged drawing. 
** Metal connector 201 of the electric supply section 13 to the ladder electrode 1 1 It is the insulating material 
202 below 30mmphi more than 15mmphi preferably below 40mmphi more than the outer diameter phi of 
10mm. He is trying to cover. Thereby, it is the metal connector 201 of the electric supply section. It is an 
insulating material 202 to the surroundings. Since it was made to install, it is the metal connector 201 . The 
surrounding plasma can be abolished completely and homogeneous aggravation of a film production rate can be 
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prevented. 

[0070] It sets to ** ** and is the metal connector 201. A periphery and insulating material 202 Clearance (s) ** 
of inner circumference ****s to 1mm or less preferably 3mm or less. Thereby, it is a central conductor 201 . 
Insulating material 202 of external shielding Since the clearance between inner circumference (s) is narrow, 
generating of the plasma in the part can be prevented. 

[0071] ** In the electric supply to the ladder electrode 1 1, make the transmission line into the structure 

connected with a connector by the receptacle, and the connector, the central conductor of the connection circles 

section of a receptacle, and the crevice between the directions of a path between external shielding **** in the 

structure which packed the insulating material so that it might be preferably set to 1mm or less 3mm or less. It 

is made hard for this to lose the space which discharge produces and to happen discharge. 

[0072] In addition, the concrete example of the gestalt of this operation is explained to a detail in the 8th 

example. 

[0073] [Gestalt of the 4th operation] drawing 19 is the conceptual diagram of the power division approach of 
the gestalt of the 4th operation. Drawing 20 is a conceptual diagram to show the effectiveness of this example. 
As shown in drawing 19 , the ladder electrode 1 1 of this example is supplied with the coaxial cable 73 through 
the adjustment machine 72 from RF generator 71 . The output connector of said adjustment machine 72 is N 
type, and has connected each for a coaxial cable 73, the N type T adapter 74, 10D-2V cable 75, the N type T 
adapter 76, 10D-2V cable 77, the flange 78 with an N type connector, and the coaxial cable 79 for vacuums 
there. 

** In case RF supply 13-1 to 13-4 to the ladder electrode 1 1 is performed by the multipoint, in order to divide 
one output from the RF source of supply 71 into four in the plasma generator using a RF A coaxial cable 73 
performs one output from a source of supply, and it is divided into two., respectively by the die length of the 
quadrant of the wavelength in the cable of high frequency It connects with the coaxial cables 75 and 75 of the 
same characteristic impedance as said coaxial cable 73, and he divides the tip into two further, respectively, and 
is trying to divide into four by connecting the coaxial cables 77 and 77 of the respectively same characteristic 
impedance as said coaxial cable 75. 

[0074] The part which this loses in the transmission line among the power supplied from RF generator 71 will 
decrease, and the part supplied to the plasma will increase. Moreover, a film production rate can make it quicker 
than the time of the direction when setting the die length of a coaxial cable 75 to 50cm setting die length to 
60cm also by the same supply voltage. 

[0075] ** In the above, it is synonymous also considering a "coaxial cable" as a "distributed constant track." 
[0076] In addition, the concrete example of the gestalt of this operation is explained to a detail in the 9th 
example. 
[0077] 

[Example] Although the contents of this invention are hereafter explained based on the suitable example of this 
invention, this invention is not limited to this. 

[0078] [Example 1 ] drawing 1 is the conceptual diagram showing the 1 st example, and is one suitable example 
of the gestalt of the 1st operation. As shown in drawing 1 , the ladder electrode 1 1 of the vacuum evaporationo 
equipment concerning this example puts two or more electrode 12a in order in parallel, connects the both ends 
by Electrodes 12b and 12c, comes to constitute a ladder-like electrode, and comes to arrange the feeding point 
13 (13-1 to 13-4) in a predetermined distance of axial symmetry by making the bisector of one side of the high- 
frequency-discharge electrode 1 1 into the datum line 14. High-frequency power is supplied through the 
adjustment machine 17 at said feeding point 13-1 to 13-4 from RF generator 16, using a coaxial cable 15 as an 
electrical transmission track. 

[0079] Said RF generator 16 generates 60MHz and the VHF band RF of 1 SOW. This high frequency was 
supplied with the coaxial cable 15 through the adjustment machine 17 at the four feeding points 13-1 to 13-4 on 
the ladder electrode 1 1 . In this example, although the coaxial cable 1 5 is used as the transmission line, this 
invention is not limited to this, in addition, said coaxial cable 15 can transmit a VHF band RF by low loss — it is 
easy, and it can carry out to low cost and is desirable. In addition, although there is a method of designing and 
using the transmission line by two parallel metal plates as the transmission line etc., it is inconvenience a little 
at the management within a reaction container etc. Moreover, the coaxial cable for vacuums was used for the 
coaxial cable in a reaction container in this example. Generally, although the coaxial cable was 50ohm or 
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75ohm, this example usecnffe 50-ohm thing. It is thought that a plasimMhpedance is good to use [ which 
lessens generating of a reflected wave since it is considered 50ohms or less ] the transmission line of a low 
impedance in order to be beneficial. 

[0080] In the ladder electrode shown in drawing 1 , the tee of a coaxial cable 1 5 was only connected to 
juxtaposition. Although quadrisected here in two steps, it cannot be overemphasized that you may quadrisect at 
once. However, it was made for all the distance from said adjustment machine 17 to the feeding point 13-1 to 
13-4 to become equal. 

[0081] The ladder electrode 1 1 concerning this example sets the magnitude to 42cmx42cm, and the path of 
electrode 12a which makes the quality of the material the product made from SUS, and constitutes it is setting it 
to 6mmphi. Said feeding point 13-1 to 13-4 was taken to pin electrode 12b which connects the both ends of pin 
electrode 12a of the ladder electrode 11, and constitutes a periphery part. Among the four feeding points 13-1 to 
13-4, it is made for two to become one both ends of ladder electrode 12a at a time, and they made the electrode 
installation location the predetermined location (dl) it becomes symmetrical by making the center line of the 
ladder electrode 1 1 into the datum line 14 fluctuating, respectively. 

[0082] Drawing 2 is the plot plan of the RF plasma generator using the ladder electrode 1 1 shown in drawing 1 . 
As shown in drawing 2 , PCVD21 comes to arrange the ladder electrode 1 1 shown in drawing 1 allotted 
between substrate heating and the support means 26 combining and [ have the gas installation tubing 24 which 
introduces reactant gas 23 in a vacuum housing 22 / gas supply ], and heating and support of a substrate 25, and 
substrate heating and a support means 26 and the material gas installation tubing 24, and is exhausting the gas 
in a vacuum housing 22 with the vacuum pump 28 through an exhaust pipe 27. 

[0083] The reactant gas (mono-silane gas) 23 supplied from the gas installation tubing 24 in order for the 
plasma to prevent generating between the ladder electrode 1 1 and a vacuum housing 22 serves as plasma 
through the ladder electrode 11, and the ground shielding 29 of said ladder electrode 1 1 is installed in order to 
make it lead toward a substrate 25. After a reaction is presented with this reactant gas (mono-silane gas) 23, it is 
exhausted by the vacuum pump 28. Gas pressure is adjusted so that it may be set to 80mTorr(s). 
[0084] In said equipment, when reactant gas 23 was supplied in the vacuum housing 22, the plasma of a mono 
silane was generated between the circumference of the ladder electrode 11, and a substrate 25. In this example, 
the substrate 25 was made large-sized glass [ 30cmx30cm ]. a-Si was produced on the substrate 25 in this 
condition. 

[0085] The film production velocity distribution in this example is shown in drawing 4 . According to drawing 
4 , by this example, acquiring **10% of uniform distribution was checked. 

[0086] [2nd example] drawing 3 is the ladder electrode 1 1 concerning the 2nd example which changed into the 
two-point electric supply method the ladder electrode shown in drawing 1 , and is one suitable example of the 
gestalt of the 1st operation. Since it is the same as the ladder electrode of drawing 1 except being two-point 
electric supply, explanation omits an electric supply method. According to the ladder electrode 1 1 changed into 
the two-point electric supply shown in this drawing 3 R> 3, as shown in drawing 5 , as for the film production 
velocity distribution, it was checked that most substrates go into less than **10% of homogeneity. 
[0087] In addition, although not shown in drawing, uniform distribution was acquired also when eight-point 
electric supply was performed in a still more large-sized electrode, and the distance to the furthest point from 
the feeding point was 1 / 4 - 1/8 of wavelength. 

[0088] On the other hand, when four points supply electric power in said large-sized electrode, it becomes 1/4 
or more [ of wavelength ], the film production rate of a location distant from the feeding point increases, and it 
has become an ununiformity very much. 

[0089] As the distribution in one central electric supply of the ladder electrode in which the [example of 
comparison] conventional technique is shown was shown in drawing 6 , it is **40% of homogeneity, and what 
practical use cannot be presented with became clear. 

[0090] The feeding point was attached to the periphery of a substrate and the ladder electrode which does not 
counter in drawing 1 and the example shown in 2 and 3. This reduced the effect of the film production rate 
heterogeneity on the **** plasma around the feeder. 

[0091] It is considered to be the standing wave distribution produced on a ladder electrode to affect film 
production rate homogeneity most. With a single dimension pin electrode, on the conditions on which 
termination was opened wide, the electrical potential difference of termination is the highest and serves as 
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standing wave distributior^nich cames out monotone reduction to la^Bda/4 on the basis of there as stated to 
the 1st advanced-technology reference (J.Appl.Phys.54(8) and 1983.4367). If this principle is extended to the 
ladder electrode which is a 2-dimensional electrode and is considered in approximation, the standing wave 
distribution which uses the furthest point from the electric supply on a ladder electrode as an open end, and 
carries out monotone reduction to lambda/4 toward the feeding point will arise. If electric power is supplied by 
the multipoint, standing wave distribution will be considered in approximation to be the superposition of the 
standing wave from each feeding point. Therefore, lambda/4 or less [ then ] and distribution of a standing wave 
do not become so large about the distance by the feeding point of the point on a ladder electrode with the 
furthest distance by the feeding point. Most especially of lambda/8 or less [ then ] and standing wave 
distribution is lost. Thus, by combining a ladder electrode and multipoint electric supply, a standing wave can 
be controlled now and homogeneity distribution can be acquired now. 

[0092] In drawing 1 , by having set the feeding point to four, the standing wave distribution on a ladder 
electrode became homogeneity, the plasma became homogeneity, and film production rate homogeneity 
improved. Moreover, the distance from the feeding point 13 in this example to the furthest point on the ladder 
electrode 1 1 is 58cm, and is 1/14 of wavelength. The discharge heterogeneity by the standing wave has been 
improved by this, and it contributed to homogeneity film production. 

[0093] Moreover, the electrical potential difference of the point of having connected the ground becoming low, 
and reducing a film production rate was lost by not taking a ground. 

[0094] The distance to the furthest point in the case of drawing 3 is 42cm, and is 1/12 of wavelength. For this 
reason, standing wave distribution has been improved and homogeneity improved. 

[0095] Furthermore, in the large-sized electrode, even when the distance to the point from the feeding point that 
it is the furthest also when eight-point electric supply is performed was 1 / 4 - 1/8 of wavelength, it has checked 
acquiring uniform distribution like 1/8 or less. 

[0096] Thus, if the distance to the furthest point from the feeding point is 1/8 or less [ of wavelength ], uniform 
distribution of voltage is acquired and the uniform film production velocity distribution which can be used for a 
product can be acquired. In general satisfying homogeneity is acquired 1/4 or less [ at least / 1/8 or more ]. On 
the other hand, or more by 1/4, according to standing wave distribution, the film production rate of a location 
distant from the feeding point increases, and it has become ununiformity distribution. 

[0097] Since the distance to the furthest point about standing wave distribution in one central electric supply is 
1/6, it must be homogeneity comparatively. However, since it is in the center while the number of the feeding 
points is one, it is uneven distribution under the effect of the **** plasma around a feeder. 
[0098] On the other hand, in drawing 1 and the example shown in 2 and 3, since the feeding point was attached 
to the substrate and the location which does not counter, the effect of the **** plasma is considered to seldom 
have influenced around a feeder by the film production velocity distribution on a substrate. The example 3 
mentioned later describes the surrounding plasma of this feeder in detail. 

[0099] In this example of four points shown in drawing 1 , and 2 and 3, or two-point electric supply, 
arrangement of each feeding point on a ladder electrode was made into bilateral symmetry. Thereby, the 
electrical potential difference on a ladder electrode became a symmetrical form. Although fine tuning of a 
feeding point location was performed in these examples, looking at a film production velocity distribution, since 
the form symmetrical in this way was acquired, it was easy to acquire the guide of adjustment. On the other 
hand, although not illustrated, it was unknown in how it should tune finely by complicated distribution arising 
in unsymmetrical arrangement. 

[0100] Although the example mentioned above was a ladder mold electrode next, the example about a grid 
mold electrode is explained. 

[0101] In addition to the ladder mold electrode only using the water flat bar of the 1st and 2nd examples, 
effectiveness with the same said of the grid mold ladder electrode using a horizontal and vertical electrode is 
expectable. 

[0102] [3rd example] drawing 7 is the perspective view of the high-frequency-discharge electrode of the plasma 
vacuum evaporationo equipment concerning the 3rd example, and is one suitable example of the gestalt of the 
1st operation. As shown in drawing 7 , the high-frequency-discharge electrode 41 concerning the 3rd example 
makes two electrode groups which put two or more electrodes 42 in order in parallel intersect perpendicularly 
mutually, comes to constitute the electrode of the shape of a grid which it comes to arrange in the shape of a 
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ra^^^he feeding point 43 (43-1 to 43-4) in th^Ka 



mesh, and comes to arran^the feeding point 43 (43-1 to 43-4) in th^Wcation of axial symmetry by making the 
bisector of one side of the high-frequency-discharge electrode 41 into the datum line 44. In addition, the 
configuration of a grid is not limited to this example. The high-frequency-discharge electrode 41 concerning 
this example is applied instead of the high-frequency-discharge electrode 038 of the vacuum evaporationo 
equipment 031 shown in drawing 25 . 

[0103] That is, at this example, it is the datum line 44 of a bisector to the predetermined distance Dl. It has, and 
he forms the feeding point 43-1 , the feeding point 43-2, the feeding point 43-3, and the four feeding points 43-4, 
and is trying to allot the feeding point as a result to four points of the four corners of the high-frequency- 
discharge electrode 41 . Thus, a bisector 44 to predetermined distance Dl Since it has, the feeding point 43-1 
and the feeding point 43-2 are arranged and the feeding point 43-3 and the feeding point 43-4 come to arrange 
similarly, as shown in drawing 8 , distribution of voltage serves as abbreviation homogeneity, and a sufficiently 
uniform thing (**10% or less) can be obtained in thin film formation. 

[0104] [4th example] drawing 9 is the perspective view of the high-frequency-discharge electrode of the plasma 
vacuum evaporationo equipment concerning the 4th example, and is the suitable example of the gestalt of the 
1st operation. As shown in drawing 9 , the high-frequency-discharge electrode 51 concerning this example 
arranges an electrode 52 in the shape of a mesh, comes to constitute a grid-like electrode and comes to arrange 
the feeding point 53 (53-1 to 53-4) in the location of axial symmetry by making the bisector of one side of the 
high-frequency-discharge electrode 51 into the datum line 54. 

[0105] He is trying to form the feeding point 53-1, the feeding point 53-2, the feeding point 53-3, and the four 
feeding points 53-4 with the predetermined distance D2 in this example compared with the 1st example from 
the datum line 54 by central approach. Thus, a bisector 54 to predetermined distance D2 Since it has, the 
feeding point 53-1 and the feeding point 53-2 are arranged and the feeding point 53-3 and the feeding point 53- 
4 come to arrange similarly, as shown in drawing 10 , distribution of voltage still more uniform than the 3rd 
example can be acquired, and a sufficiently uniform thing (**10% or less) can be obtained in thin film 
formation. 

[0106] [5th example] drawing 1 1 is the perspective view of the high-frequency-discharge electrode of the 
plasma vacuum evaporationo equipment concerning this example, and is the suitable example of the gestalt of 
the 1st operation. As large area-ization is attained in the 5th example compared with the 3rd and 4th examples 
explained previously and it is shown in drawing 1 1 , the large-sized high-frequency-discharge electrode 61 
concerning this example An electrode 62 is arranged in the shape of a mesh, and it comes to constitute a grid- 
like electrode and comes to arrange two or more feeding points 63 (63-1 to 63-4) in the location of axial 
symmetry by making the bisector of one side of the high-frequency-discharge electrode 61 into the datum line 
64. 

[0107] At this example, it is the 1st predetermined distance D3 from the datum line 64. And 2nd predetermined 
distance D4 He has and is trying to arrange the feeding point to eight places of an electrode. Thus, at this 
example, it is the 1st predetermined distance D3 from the datum line 64. Have and the feeding point 63-1 and 
the feeding point 63-2 are arranged. It is the 1st predetermined distance D3 similarly. Have and the feeding 
point 63-3 and the feeding point 63-4 are arranged. Furthermore, 2nd predetermined distance D4 Have and the 
feeding point 65-1 and the feeding point 65-2 are arranged. It is the 2nd predetermined distance D4 similarly. 
Since it has, the feeding point 65-3 and the feeding point 65-4 are arranged and two or more feeding points are 
arranged with predetermined distance As shown in drawing 12 , distribution of voltage serves as abbreviation 
homogeneity, and a sufficiently uniform thing (**10% or less) can be obtained in the thin film formation which 
attained large area-ization rather than the 1st example. 

[0108] [6th example] drawing 13 is the perspective view of the high-frequency-discharge electrode of the 
plasma vacuum evaporationo equipment concerning the 6th example, and is one suitable example of the gestalt 
of the 1st operation. Drawing 14 is the film production velocity distribution acquired by this example. 
[0109] As shown in drawing 13 , it comes to arrange the four feeding points 33 (33-1 to 33-4) in the four 
corners of the grid of four measures of the central part which consists of electrodes 32 of the grid mold ladder 
electrode 31 with a coaxial cable 15 through the adjustment machine 17 from RF generator 16, and the feeding 
point 33 (33-1 to 33-4) is attached to them for a part not for a periphery but near a center an electrode 31 by this 
example. Moreover, the coaxial cable 15 is attached from the background of the grid mold ladder electrode 31 
at the feeding point 33, and is impressing 60MHz and the VHF band RF of 150W. 
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[0110] The film was pro^^d by generating a sink and the plasma in^^discharge section in the mono silane 
like the 1st example. As shown in drawing 14 , the film production velocity distribution was able to become less 
than **20%, and was able to obtain the engine performance which can be somehow used for the system. 
However, the plasma near the feeding point tended to become strong with VHF band RF input increase, and 
also had a possibility that homogeneity might get worse, in the input beyond 1 SOW. 

[01 1 1] According to this example, as a ladder electrode, even if it used the grid mold, it was shown that the 
same homogeneity as the ladder mold electrode of a water flat bar mold is acquired. Moreover, even if it 
attached the feeding point near the center, it was able to change so much with the case where it attaches in the 
periphery of the 1st example, and was able to twist, and homogeneity was able to be acquired. However, in 
comparatively the low input to about VHF band RF input 1 SOW, this is restricted. 

[01 12] [7th example] drawing 1 5 is the detail drawing of one example of the electric supply section to a ladder 
electrode, and is one suitable example of the gestalt of the 2nd operation. Drawing 16 is the important section 
side elevation. In the 1st example, the feeding point only ****ed and carried out the stop of the central 
conductor of a coaxial cable to the feeding point. 60MHz and about 1 SOW, since generating of the unnecessary 
plasma of the circumference of the cable near the feeding point was not remarkable, good homogeneity film . 
production was completed. 

[01 13] This example performed high-frequency power to supply by 100MHz and 200W in the same 
configuration as the 1st example. Generating of powder was seen, while strong corona discharge-like discharge 
arose and fear of aggravation of a film production velocity distribution was in the surroundings of a central 
conductor, and the surroundings of shielding, when it was electric supply structure like the 1 st example at this 
time. 

[0114] Then, it is the metal connector 101 of 10mm [ of sizes ] phi first to the central conductor (it is not visible 
by a diagram) of a coaxial cable. A caulking stop is carried out and it is a screw 102 to the feeding point 13 of 
electrode 12b of the ladder electrode 1 1 about the end. It fixed. All of ladder electrode 12b with the feeding 
point 13 and electrode 12a of the circumference of it are size 6mmphi. this metal connector 101 the unreserved 
part which considers as die length of 2.5cm and does not roll an insulating material ~ 2cm — carrying out — 
termination metal 102 by the side of a coaxial cable 15 from — a 5mm part — circular ring insulating material 
103 It attached, termination metal 104 of ground shielding 15a of a coaxial cable 15 from — distance (a) by the 
feeding point 13 of the ladder electrode 1 1 was set to 2.5cm. 

[01 15] Metal connector 101 And the coaxial cable 15 was attached so that it might become perpendicular to the 
ladder electrode 1 1 in the opposite side (background) the substrate 25 side of the ladder electrode 1 1 . 
[01 16] moreover, this example — setting — the ground shielding 29 to metal connector 101 up to — the 
minimum distance (b) was set to 3cm. 

[0117] When producing a film by the VHF band RF using a ladder electrode, the homogeneous aggravation by 
the plasma produced near the feeding point to a ladder electrode poses a problem. There are three of thing **s 
attached to the perimeter of ground shielding of what produced around the metal connector which connects at 
** feeding point as plasma produced near the feeding point, the thing to attach to the perimeter of the 
termination metal of ground shielding of ** coaxial cable, and ** coaxial cable. 

[0118] By having made thicker than the size of the ladder electrode near the electric supply section the size of a 
metal connector which ties the central conductor of the feeding point 13 and a coaxial cable 15, the 
concentration electric field around a metal connector became weaker than the concentration electric field of the 
perimeter of a ladder electrode, the plasma of the perimeter of a metal connector became weaker than the 
plasma of the perimeter of a ladder electrode, and the effect on a film production rate became small. Since a 
central conductor is thin when a central conductor is connected as it is, electric field concentrated, the strong 
plasma occurred around the central conductor, and powder has been generated. 

[0119] The termination metal section 1 04 of ground shielding 1 5a of the feeding point 1 3 and a coaxial cable 1 5 
It is the termination metal section 104 of ground shielding by taking distance (a) 2cm or more preferably at least 
lcm or more. The plasma produced around became weak. This is the termination metal 104 of the ladder 
electrode 1 1 of high potential, and ground shielding of ground potential. Since distance became far, it thinks 
because the electric field produced in the meantime became weak. In addition, when distance (a) is set to 1cm 
or less, it is the termination metal 104 of ground shielding. The plasma occurs around, powder is generated and 
it is not desirable. 
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[0120] Moreover, a coax^^^ble 15 and the metal connector 101 Sin^^ attached in the direction which 
intersects perpendicularly with the ladder electrode 1 1 from the background (a substrate 25 and opposite side) 
of the ladder electrode 1 1, it is the metal connector 101 . While the surrounding electric field of shielding of a 
coaxial cable 1 5 became weak and the very thing became weak in the strength of the plasma attached to the 
surroundings of shielding of a coaxial cable 15, these plasma became comparatively far from a substrate, and 
the effect on a film production velocity distribution became small. In addition, if whenever [ setting angle / of 
the ladder electrode 1 1 and a coaxial cable 1 5 ] is made into 45 degrees or less, the surrounding plasma of 
shielding of a coaxial cable 1 5 becomes strong, and is not desirable. 

[0121] moreover, the ground shielding 29 to metal connector 101 up to — setting distance (b) to 2cm or more 
preferably at least 1cm or more — metal connector 101 The plasma which stands between the ground shielding 
29 could be controlled, and effect on a film production velocity distribution was able to be lessened, in addition, 
by 1cm or less, the plasma becomes [ distance (b) ] strong, and powder ****** — it is not desirable. 
[0122] [8th example] drawing 17 is the sectional view of one example of the electric supply section to a ladder 
electrode, and is one suitable example of the gestalt of the 3rd operation. Drawing 1 8 is the A section enlarged 
drawing. In this example, the ladder electrode 1 1, a substrate 25, the substrate heater 26, and the ground 
shielding 29 were installed like the example 1. Moreover, metal connector 201 made with SUS304 rod of the 
6mm of the same diameters as rod 12a which constitutes the ladder electrode 1 1 at the feeding point 13 of the 
ladder electrode 1 1 It ****s and is 200. It fixed. Metal connector 201 Although copper, aluminum, etc. with 
conductivity higher than the product made from stainless steel could be used, in order to suppress generating of 
an impurity here, it considered as the product made from SUS304. 

[0123] in addition — although the pan-head machine screw was used as **** in the example mentioned above » 
120MHz of this time since concentration of discharge was seen on the frequency — this example — ****ing — 
200 ****** — using the pan machine screw, as a screw head did not protrude, this was canceled. 
[0124] Moreover, at this example, it is the metal connector 201. It is an insulating material 202 about a 
perimeter. It covered. Insulating material 202 A bore is the metal connector 201 . It was made thicker 1mm than 
an outer diameter, the clearance (s) was set to 0.5mm, and the outer diameter was set to 20mmphi. Insulating 
material 202 A bore and metal connector 201 When there was 3mm or more of clearances between outer 
diameters (s), it was checked that discharge arises in this clearance in 60MHz and the input beyond 200W. 
However, in 120MHz and 200W, a clearance (s) did not produce discharge in 0.5mm like this example. 
Moreover, insulating material 202 The plasma same and local on this periphery in 60MHz and the input beyond 
200W occurred that an outer diameter was below lOmmphi. However, insulating material 202 In 120MHz and 
200 W, an outer diameter did not produce discharge in 20mmphi. 

[0125] As shown in drawing 17 , at this example, it is the metal connector 201. Insulating material 202 
Receptacle 203 prepared in the ground shielding 29 as it was It considered as the structure which it lets pass. 
Connector 204 attached at the tip of a coaxial cable 15 at this part It connected. 

[0126] Moreover, central conductor 205 of a coaxial cable 15 At a tip, it is the jack connector 206. A caulking 
stop is carried out and it is the metal connector 201. It inserted in. On the other hand, ground shielding 15a of a 
coaxial cable 15 is the tip ring 207. It welds and is the spring ring 208. Connector 204 Cap nut 209 Receptacle 
203 of the ground shielding 29 It connected. 

[0127] Moreover, jack connector 206 An outer diameter is the metal connector 201 . It is made the same as an 
outer diameter, and is an insulating material 202. The clearance (s) between bores was set to 0.5mm. Receptacle 
203 Connector 204 The interior of the weld zone to constitute is an insulating material 202. It considered as the 
stuffed structure and distance between the walls of all clearances was set to 0.5mm. When there was 3mm or 
more of clearances (s), discharge arose by 60MHz and more than 200W. 120MHz and 200W did not discharge 
in 0.5mm. 

[0128] In the 7th example, even if it was high frequency and large power (for example, 100MHz, 200W), the 
uniform film production velocity distribution was acquired. This was because the unnecessary plasma became 
weak and the effect on film production decreased. Moreover, having attached the electric supply section to the 
substrate and the periphery of an electrode which does not counter in the 7th example is also the factor which 
had little effect. 

[0129] By the electric supply approach of of the case where it attaches near the center of an electrode and the 
7th example which counter with a substrate, the homogeneity of a film production rate got worse like 
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arrangement of the 6th e^^>le on the occasion of high-frequency la^^>ower. Moreover, when high- 
frequency-izing and large power-ization (for example, 120MHz, 200W, etc.) were performed further, while the 
film production velocity distribution got worse, generating of powder also produced arrangement of the 1st 
example. 

[0130] At this example, it is an insulating material 202 to the surroundings of the metal connector of the electric 
supply section. It is the metal connector 201 by installing. The surrounding plasma was abolished completely 
and homogeneous aggravation of a film production rate was prevented. 

[0131] Moreover, connector 201 Receptacle 203 If a large opening is between the central conductor of the 
connection circles section, and external shielding, since the plasma will occur into the part, it is an insulating 
material 202. It installed and plasma generating was prevented by narrowing an opening. 
[0132] It sets to this example and is an insulating material 202. Metal connector 201 A perimeter or connector 
201 Receptacle 203 The reason for having the effectiveness of discharge prevention in the connection circles 
section is as follows. Since a current cannot flow easily for an insulating material under direct-current electric 
field, the discharge current is controlled and discharge stops being able to happen easily. However, since a 
current flows also for an insulating material according to the displacement current, there is no control of 
discharge by this effectiveness under RF electric field. The effectiveness of an insulating material here is losing 
the discharge volume by losing space with the discharging mono-silane gas. direct-current electric field — it is 
not the ****** effectiveness about the discharge current as follows. Therefore, with a thin insulating material, it 
is ineffective. 

[0133] metal connector 201 Surrounding insulating material 202 **** — although the cylinder was used this 
time, in this invention, it is not limited at all and what the vena contracta attached like the thing of a square 
shape and an insulator can be used suitably. 

[0134] Metal connector 201 Surrounding insulating material 202 Although it is good to lose a clearance (s) 
completely ideally about the bore inside, heat expansion and manufacture precision are considered actually and 
few crevices are required. In high frequency discharge, since there was a field which does not carry out 
dielectric breakdown when it was a sufficiently thin crevice below sheath thickness, this was used. By this 
example, it thinks from an experimental result, and it is thought by it that the range shown in the example of an 
experiment is located in such range. 

[0135] Moreover, insulating material 202 Although the thicker possible one of an outer diameter is good in 
order to reduce the space which can discharge, if it is made not much thick, the main stroke of a ladder 
electrode will also be affected, and the homogeneity of a film production velocity distribution will be 
influenced. The range shown in the example of an experiment prevents unnecessary plasma generating of the 
perimeter of a connector, and is considered to be the range which does not influence a main stroke. 
[0136] The connector receptacle connection circles section packed the insulating material, and lost the space 
which can discharge so that the insulating material inside and an outside might become a sufficiently thin 
crevice for discharge control. When a clearance was too large and discharge arose, powder was generated, and 
the insulation resistance between a central conductor and a ground got worse, and it connected too hastily. 
[0137] Moreover, while ground shielding of a ladder electrode and ground shielding of the transmission line 
(this example coaxial cable) short-circuited, the potential difference was lost and generating of the unnecessary 
plasma of the circumference of ground shielding of the transmission line was suppressed by using anchoring of 
the transmission line as a connector receptacle connection mold, anchoring of the transmission line at the time 
of a maintenance and removal became easy. 

[0138] [9th example] drawing 19 is the conceptual diagram of the power division approach of the 9th example, 
and is one suitable example of the gestalt of the 4th operation. Drawing 20 is a conceptual diagram to show the 
effectiveness of this example. As shown in drawing 19 , the ladder electrode 1 1 of this example is supplied with 
the coaxial cable 73 through the adjustment machine 72 from RF generator 71 . The output connector of said 
adjustment machine 72 is N type, and has connected the coaxial cable 73 there. A coaxial cable 73 is 10D-2V 
cable with a characteristic impedance of 50 ohms, and set die length to lm. The both ends of a coaxial cable 73 
were used as the N type connector, and divided the tip side into the N type T adapter 74 at two bonds. Two 
10D-2V cables 75 with a characteristic impedance of 50 ohms were connected to this. These both ends also 
divided the tip side into a total of four by two more N type T adapters 76 by the N type connector. A total of 
four 10D-2V cables 77 with a characteristic impedance of 50 ohms was further connected to these. Cable die 
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length was set to 20cm, ^^ctively. These both ends also attached t^^> in a total of four flanges 78 with an 
N type connector attached in the wall surface of a discharge chamber (not shown) by the N type connector, 
respectively. Within the discharge chamber, it connected at the four feeding points 13 (13-1 to 13-4) of the 
ladder electrode 1 1 using a total of four coaxial cables 79 for vacuums, respectively. Die length was set to 
90cm, respectively. 

[0139] First, the die length of two coaxial cables 75 of a part divided into two was set to 60cm, respectively. 
Die length here says even the junction inside the N type T adapter 76 through a coaxial cable 75 from the 
junction of the N type T adapter 74 interior. And matching was taken with the adjustment vessel 72 and 
100MHz and the VHF band RF of 200 W were supplied. SiH4 When the film was produced by flow rate 
200sccm and pressure 80mTorr, the amorphous silicon has produced the film to homogeneity by 6.5A/s in film 
production rate. 

[0140] Next, matching was similarly taken for the die length of two coaxial cables 75 of a part divided into two 
as 50cm, respectively, and the ultrahigh frequency of 100MHz and 200W was supplied. Similarly it is SiH4. 
When the film was produced by flow rate 200sccm and pressure 80mTorr, the amorphous silicon has produced 
the film to homogeneity by 10.2A/s in film production rate. 

[0141] When the die length of a coaxial cable 75 is set to 50cm, the reason whose film production rate 
improved is as follows. Since 50 ohms and a coaxial cable 75 have [ two ] parallel 50 ohms, and a total of 25 
ohms and a coaxial cable 77 have [ four ] parallel 50 ohms, a coaxial cable 73 is 12.5ohm in total. 
[0142] When connecting A, B, C, and three distributed constant tracks like drawing 20 , they are each 
characteristic-impedance RA, RB, and RC. When the relation of a formula (1) in between shown in "a-one 
number" is, the reflected wave from ** between B-C from ** between A-B denies each other that the die length 
of the part of central B is 1/4 of the RF wavelength lambda, and the reflection from ** and ** becomes zero 
seemingly. 
[0143] 
[Equa tion 1] 

R B =<l R a Rc - CI) 

This principle is called "lambda/4 transformer", for example, is expressed to the 4th advanced- technology 
reference (Yoshihiro Konishi work "radio circuit introduction lecture" synthesis electronic publishing company 
pl78). 

[0144] A formula (2) is realized as a coaxial cable 73 is shown in "a-two number" below also by this example, 
if B and four coaxial cables 77 are considered to be C for A and two coaxial cables 75. 
RA =50, RB =25, RC =12.5[0145] 
[Equ ation 2] 

2 5=J 5 0 • 12. 5 - (2) 

Therefore, if two coaxial cables 75 which hit B are 1/4 of wavelength, respectively, the reflected wave in these 
both ends will be canceled, and it will become zero seemingly. 

[0146] When the reflected wave became zero, the part which originates in the branch point of a coaxial cable 
among the standing waves produced in the power transmission line from the adjustment machine 72 to the 
ladder electrode 1 1 is lost. Although current loss and dielectric loss became large since the parts of a high 
current and the high voltage were made when the standing wave had arisen, these loss was considerably reduced 
with the above. Therefore, the part lost on the track among the power supplied from the power source decreases, 
and it is thought that the part supplied to the plasma increased. Thereby, the direction when setting the die 
length of a coaxial cable 75 to 50cm is considered that the film production rate became quick from the time of 
being referred to as 60cm also according to the same supply voltage. 

[0147] Although the coaxial cable with a characteristic impedance of 50 ohms was used in this example, since 
the formula (3) shown in following "number 3" is realized even if it uses the distributed constant track of 
characteristic-impedance R of arbitration, the same effectiveness is expectable by making the die length of two 
middle distributed constant tracks into lambda/4. 
[Equation 3] 
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[0148] Moreover, the same approach can be used, also when quadrisecting the quadrisected point further, 

respectively and dividing it into 16. 

[0149] 

[Effect of the Invention] Since according to invention of the high-frequency-discharge electrode of [claim 1] it 
is the discharge electrode of the RF plasma generator to which electric power is supplied through an adjustment 
machine from an RF generator and is the ladder mold or grid mold discharge electrode which has the feeding 
point of the high-frequency power of at least two or more points as explained above, the distribution of voltage 
on the ladder electrode which influences the homogeneity of the discharge distribution on a substrate side can 
be suppressed sufficiently small, and a uniform film production velocity distribution can be acquired. 
[0150] According to invention of [claim 2], make two electrode groups which put two or more electrodes in 
order in parallel intersect perpendicularly mutually in claim 1 , and it comes to arrange. Since it comes to allot 
the feeding point of high-frequency power to the location of axial symmetry on the basis of the bisector of each 
side of a high-frequency-discharge electrode, the distribution of voltage on the ladder electrode which 
influences the homogeneity of the discharge distribution on a substrate side can be suppressed sufficiently 
small, and a uniform film production velocity distribution can be acquired. 

[0151] According to invention of the plasma vacuum evaporationo equipment of [claim 3], it comes to arrange a 
discharge electrode and a substrate support means in a reaction container in parallel. Since it is the RF plasma 
generator which supplies electric power to said discharge electrode in high-frequency power from an RF 
generator through an adjustment machine and claim 1 or the discharge electrode of 2 was used for said 
discharge electrode Even if it can suppress sufficiently small the distribution of voltage on the ladder electrode 
which influences the homogeneity of the discharge distribution on a substrate side and large-area-izes it, 
uniform vacuum evaporationo is attained. 

[0152] Since said electric supply section was prepared in the periphery of a discharge electrode which does not 
counter a substrate in claim 3 according to invention of [claim 4], even if it can suppress sufficiently small the 
distribution of voltage on the ladder electrode which influences the homogeneity of the discharge distribution 
on a substrate side and large-area-izes it, uniform vacuum evaporationo is attained. 

[0153] According to invention of [claim 5], in claim 3 or 4, since the die length of the power transmission line 
from an adjustment machine to each feeding point was made equal, the phase of the high-frequency voltage of 
each feeding point can be made equal, it is unstable, and it can prevent that a standing wave without unity 
stands, and fine tuning of a feeding point location required in the case of film production rate equalization can 
make it comparatively easy. 

[0154] When the transmission line is connected to the electric supply section of a discharge electrode in claim 3 
thru/or 5 according to invention of [claim 6], Since the size of the unreserved metal connector area which is not 
insulated which connects the power line of the feeding point and the transmission line is made the same as the 
size of the electrode near the electric supply section at least Generating of powder can be prevented, while it is 
canceled that strong corona discharge-like discharge arises and aggravation of a film production velocity 
distribution is prevented the surroundings of a central conductor, and around shielding. 

[0155] Generating of powder can be prevented, while it is canceled that strong corona discharge-like discharge 
arises and aggravation of a film production velocity distribution is prevented the surroundings of a central 
conductor, and around shielding in claim 3 thru/or 6 according to invention of [claim 7], since distance of the 
termination metal section of the earth line of the feeding point and the transmission line is set to at least 1cm or 
more. 

[0156] Generating of powder can be prevented, while it is canceled that strong corona discharge-like discharge 
arises and aggravation of a film production velocity distribution is prevented the surroundings of a central 
conductor, and around shielding, since according to invention of [claim 8] anchoring to the discharge electrode 
of the transmission line is made into a different side from the substrate of a discharge electrode in claim 3 
thru/or 7 and whenever [ setting angle ] is made into 45 degrees or more of slant at least. 

[0157] Generating of powder can be prevented, while it is canceled that strong corona discharge-like discharge 
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arises and aggravation o^^m production velocity distribution is pr^fcted the surroundings of a central 
conductor, and around shielding in claim 3 thru/or 8 according to invention of [claim 9], since the minimum 
distance from the metal part of the power line of the transmission line to a touch-down part is set to at least 1cm 
or more. 

[0158] According to invention of [claim 10], in claim 3 thru/or 9, the metal connector of the electric supply 
section to a discharge electrode can be abolished with a with a 10mm or more 40mm or less outer diameter 
insulating material, the plasma of the circumference of a metal connector can be completely abolished by that of 
a wrap, and homogeneous aggravation of a film production rate can be prevented. 

[0159] According to invention of [claim 1 1], in claim 10, since the clearance between the periphery of a metal 
connector and the inner circumference of an insulating material is set to 3mm or less, generating of the plasma 
in the part can be prevented. 

[0160] Discharge makes it hard to control the discharge current and to happen, since the electric supply 
structure to a discharge electrode considers as the discontinuous construction which made the transmission line 
the structure connected by the connector and the receptacle, and set the connector, the central conductor of the 
connection circles section of a receptacle, and the clearance between the directions of a path between external 
shielding to 3mm or less in claim 3 thru/or 1 1 according to invention of [claim 12] and a current cannot flow 
easily for an insulating material under direct-current electric field. 

[0161] According to invention of [claim 13], it comes to arrange a discharge electrode and a substrate support 
means in a reaction container in parallel. It is the RF plasma generator which supplies electric power to said 
discharge electrode in high-frequency power from an RF generator through an adjustment machine. A substrate 
and the shortest distance measured along with the electrode from all the points of the range which counters to at 
least one of said the feeding points among the electrode surfaces of said discharge electrode Since the number 
of the feeding points and the location of the feeding point are set up so that it may become 1/4 or less [ of the 
vacuum medium wave length of a RF ], the distribution of voltage on the ladder electrode which influences the 
homogeneity of the discharge distribution on a substrate side can be suppressed sufficiently small, and a 
uniform film production velocity distribution can be acquired. 

[0162] According to invention of [claim 14], it comes to arrange a discharge electrode and a substrate support 
means in a reaction container in parallel. It is the RF plasma generator which supplies electric power to said 
discharge electrode in high-frequency power from an RF generator through an adjustment machine. In case RF 
supply to a discharge electrode is performed by the multipoint, the feeder way which divides one output from a 
RF source of supply into plurality is a coaxial cable, and this coaxial cable is divided into two., respectively by 
the die length of the quadrant of the wavelength in the cable of a RF Since it connects with the coaxial cable of 
the same characteristic impedance as said coaxial cable, the tip is further divided into two, respectively and it 
divides into plurality by connecting the coaxial cable of the respectively same characteristic impedance as said 
coaxial cable The part lost in the transmission line among the power supplied from the RF generator will 
decrease, and the part supplied to the plasma will increase. 

[0163] According to invention of [claim 15], in claim 14, the part which a coaxial cable loses in the 
transmission line among the power similarly supplied from the RF generator as a distributed constant track will 
decrease, and the part supplied to the plasma will increase. 

[0164] According to invention of the electric supply approach of the RF plasma generator of [claim 16] It 
comes to arrange a ladder mold or a grid mold discharge electrode, and a substrate support means in a reaction 
container in parallel. Are the electric supply approach of a RF plasma generator of supplying electric power to 
said discharge electrode in high-frequency power from an RF generator through an adjustment machine, and 
since electric power is supplied as a multipoint of two or more points, said feeding point The distribution of 
voltage on the ladder electrode which influences the homogeneity of the discharge distribution on a substrate 
side can be suppressed sufficiently small, and a uniform film production velocity distribution can be acquired. 
[0165] According to invention of [claim 17], in claim 16, the shortest distance which met by at least one of said 
the feeding points, and was measured among the electrode surfaces of said discharge electrode from all the 
points of the range which counters with a substrate Since electric power is supplied setting up the number of the 
feeding points, and the location of the feeding point so that it may become 1/4 or less [ of the vacuum medium 
wave length of a RF ], the distribution of voltage on the ladder electrode which influences the homogeneity of 
the discharge distribution on a substrate side can be suppressed sufficiently small, and a uniform film 
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production velocity distnronon can be acquired. 

[0166] In case RF supply to a discharge electrode is performed by the multipoint in claim 16 according to 
invention of [claim 18] The feeder way which divides one output from a high frequency source of supply into 
plurality is a coaxial cable, and this coaxial cable is divided into two., respectively by the die length of the 
quadrant of the wavelength in the cable of high frequency It connects with the coaxial cable of the same 
characteristic impedance as said coaxial cable. Since electric power is supplied dividing the tip into two 
furthermore, respectively, and dividing into plurality by connecting the coaxial cable of the respectively same 
characteristic impedance as said coaxial cable The part lost in the transmission line among the power supplied 
from the RF generator will decrease, and the part supplied to the plasma will increase. 

[0167] As mentioned above, according to this invention, a uniform amorphous thin film and a microcrystal thin 
film can be manufactured, and in the thin film formation which attained large area-ization, thickness can obtain 
a sufficiently uniform thing (**10% or less), uses for Si system thin film coating technology (for example, 
manufacture of a solar battery, TFT, etc.), and will become suitable. 
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[Document to be Amended] Specification 

[Item(s) to be Amended] 0038 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0038] 

[Means for Solving the Problem] Invention of the high-frequency-discharge electrode of [claim 1] which solves 
said technical problem is characterized by being the discharge electrode of the RF plasma generator to which 
electric power is supplied through an adjustment machine from an RF generator, and being the ladder mold or 
grid mold discharge electrode which has the feeding point of the high-frequency power of at least two or more 
points. 

[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0114 
[Method of Amendment] Modification 
[Proposed Amendment] 

[01 14] Then, it is the metal connector 101 of 10mm [ of sizes ] phi first to the central conductor (it is not visible 
by a diagram) of a coaxial cable. A caulking stop is carried out and it is a screw 102 to the feeding point 13 of 
electrode 12b of the ladder electrode 1 1 about the end. It fixed. All of ladder electrode 12b with the feeding 
point 13 and electrode 12a of the circumference of it are size 6mmphi. this metal connector 101 the unreserved 
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part which considers as^lFlength of 2.5cm and does not roll an insSWng material — 2cm — carrying out 
termination metal 104 by the side of a coaxial cable 15 from » a 5mm part — circular ring insulating material 
103 It attached, termination metal 104 of ground shielding 15a of a coaxial cable 15 from — distance (a) by the 
feeding point 13 of the ladder electrode 1 1 was set to 2.5cm. 
[Procedure amendment 3] 
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[Item(s) to be Amended] drawing 16 
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f&W 0 5 1 14, StE 0 5 3 ^ffi(-H5|S|-^f^ £r#«&r # 5 io 
i5K, ttlLTlO 5 4^igttfc*'^l : 0 5 5£ 

^v-^lcEMLTt^T-fct), SS0 5 3 irWrift 
5<fc 5KE«$*iTV»5. SJiSS:ttS0 5 2 

5 ftSSJiSdfcSWS 0 5 2fc*3V">TI4, ^S^O 5 7 (4 
^SB^icSSitottrv^. 

[0034] in 2 6 fc^-f *ft-ete. — j&icffli^o^s 20 

13. 5 6MHz<Om2g^jS^CT-^IRt?«, *E«rCD 
fc. 

[0 0 3 5] HI 2 6 K^i-iWIiSSrtBWS 0 5 2SrfflV> 30 
fcttJE#*£EI 2 7 (C^-T 0 0 2 7(^1- J; 51-, c f I * 
SP^(-i^m^0 5 7^tt5ti»0 5 6©«B#0>«EE 
/jC«flE^*fc* or *S0, ^yXviiffi 

[0 0 3 6] Sfc^i&^fcJ; 5 te, HI 3 (Dftft&ffi 

Jcmz.£titf, ¥tf¥*S!PCVDSg«-ett, «ffSJh 

rile j; or, «jfR««**s 7 0MHz T?ttt:ttW*&— 

5„ l^l^o, rw^s^ictjvrt, mmco 40 

^i*J-ttfi± 1 8%iS5<, H-#l£i&-fcS*« (± 1 0 

%«T) te^ofrr^fcv^as, mtKr-fc 9 , 
n t #r-# 5 P C VD3g«iJS3*;h/r 
[0 0 3 7] *^PJf4. mJiE^®(^^, ft 

[0 0 3 8] 

<7)i«/MjS^m®1lw^Bj(i N ffiAfitHJ:r)S 50 
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[0 0 3 9] [»*«2] CDSUKfi, fi*3Sl(^*5^ 

it^^-frrgaebr/.ct), n^tts^o^v^^n^ft 

[0 0 4 0] [W*JS3] W7°7X-vag#^B»^^ 

[0 0 4 1 ] [»**4] 053693 tt* »**3fc*JV^ 
[0 0 4 2] [ft*Jg 5 ] <£>3§0JlfA, §»*]S 3 X« 4 (C 
[0 0 4 3] [ff*JS6] (DfgBJii, f#*3S 3 TiM 6 

[0 0 4 4] [»*3S 7 ] W^BJfi, m 3 6 

'>/,i:<it)icmK±it5ri»it 

So 

[0 0 4 5] [«*3S8 ] (D%Wte. ff*Jl 3 73S 7 \Z 

^4 5° u±b-rz>^b&&wb-rz> 0 

[0 0 4 6] [»#JS9] W^BJI4, »*q[3 75M8t 
»*to*IEiS;, W<Hicm«±it5ri 

[0 0 4 7] [»#JS10] W^BJfi, IS*JS3^M9 
1 0 mm^±4 0 mm»TO»Tl 5 - t 5r#ft 

-rs. 

[0 0 4 8] [If jfcJS 1 1 ] CD^B^{4 % ff*3S 1 0 

i^r, ?<oftmbifemw(Dfoffle>ffiffl$:. 3 

[0 0 4 9] [ffjfc>Sl 2] O^Bflfi, rt*JS3 7!;Ml 
9 9b\'^zf*<r)VbxmfiL-*rZ>mm.b\', **?&b 
IW©a*l6lOI»IWSr 3 mmKTi Lfc#6*l«i££ "T 5 r 




[00 50] 3] Etf?S»f*ifc» 

■mmm t m^n^wt. t tf^nicmmz fix ■* <o , 

5 »^*&«jfii«>« b ^©fit?rSSt5 r £ Srfftg b 
[0 0 5 1] [»*JS i 4 ] co3SWf2, RiS^SrtKSc 10 

rtcoi£Sco4#co 1 C0;S£-C\ SfftEISJW^— ^VuirlBJC 

tmzft&j xcomm^-y'^zmmirzz. 20 

[0 0 5 2] [«#iS 1 5 ] <D%W&. m-#M 1 4 \Ct= 
[0 0 5 3] [W*«l 6] ©ifiSfflftT'vX-vJS^il 

fcoT, ffflE^ffl;^:Sr2^±co#^i: Lt^ttS- 30 
b*ftWib-fZ>. 

[0 0 5 4] 1 7] ©389114, flfjftg 1 6 {C*J 

[0 0 5 5] 8] 0>$SWW\ »JjPSl 6(-*> 

iftilStW^-^VK^OJSS<D4 5>CO 1 tf>:5 £T\ lutein 

mmmmtr-y^b m com.* > f-yy^®^- 

[0 0 5 6] 
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[0 0 5 7] [J(S 1 cOHJfccO^flg] HlttSl CDjlJScO 
ffiJffficO 7 ^-«ffi~0>*&««©-l*i»B-Cfc 9, 7^" 

m 1 l-^-TJ; ? #lli£coff;?f»Krtv!>>£3£#=ge«<£> 9 

^-ttffi 1 1 tt, HgCWSStg 1 2 a tJHffcSfc'*, * 

coj5i4fg£m®l£ 12b, 12c T-o/jri^-tN E&^HKcom 
USHtfifc LT'i "9 , 13 (13-1-13-4) 

zimm&i&nmm 1 1 ©-izioz:^»*:a«ift 1 4 £ 

IS^m,^ 13-1-13-4 Kt4, ®i£«|Sg£ LTIUttl 
<t— 7Vn 5«rfflv\ HSifitiSi 6!i>«^l 7 £ 

^LTffij^j&m^^i&sftTi^So KJ^jftsaii 6 «t 

Sll©4 oWi^m^i 13 (13-1 — 13-4) 

[0058] o^y-mni 1 &fflv^:/7x^$s£ss 

[0 0 5 9]© Ohc&vt^/jK £ t. W&ffi<ooh 

m®Lbttfa-rzmm<oi-'<x<D&.fri~>. jj*u<M:*Mt 

IMi 1 coflSffi-L^I-^T (D&frb, Huffi(Do^ffl;,fe 
H io|tC7y-ii«t541«: 
»o-CS9ofc«ffiOT8gil*s, 1 / 

ita^ SII±©MM©^-ttl^St 5 7 ^ 

Ltztf-ix. ®-temmmm'ftm*'&z^btfX'£?> a 

[0 0 6 0]® (D(w*3V>T, 7^-tllli»fet 
,61312, a£«£*HS]Lfc^ffi«, -*"*i3*>, 
mi lrojliagB^-R:t■t?>i:5(-LTv^So 

*&m^i 3(ci2, issmtcffl^sa^einiiss (£it re 

i^HSSj i:^5o ) £ LT> CSJ^tfllltt'7— 7*;H 5 £ 
fflVTBM*L.fc»§\ rco4^t9(c(27^-®Hl lco 

^y^V^lL, 7*^7 7^^!) 3V$S^cot,£ 
tWSiH, ^i*»7^*^MLTLS pcOT% 

[0 0 6 1] © (D^c:*5v^r, i 7 
Kip, #^m,#:coAjiK®£Ew{iffi^^L<-rsr £ 
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[0 0 6 2] © CDirfc^x, 7 y—«lS 1 1 -t<£>#*& 
iLTj3r£e» (d. ) t»ot»«»4Ettt5 0 

3-lSt>mSl3-4) tLT{)<tV\ 
[0 0 6 3] **JS(^^ffioA«:W^*3f6M^^ 

[0 0 6 4] [M 2 OXlfcOJKflR] M 1 5 H\ SI 3 OH 10 

1 6tt*©K«flifl5BI"C*>6. 

15) 9*^ 
-til 1^1 3teiiM (WfctfHtt*--:/ 

*£fll01 jf&a^rt-iffO^y— 2aO 

fcfcra&lC, ffiKBBl 60^^ 20 

<D£ ;b <9 & J: v"— si" K<£> 4 t) \c =3 n ^Jfe«^co3fiv * 
»m#£ £ t Six, »RiSft»*^St^^B6 
ih£*xS<h t tic, »<0«£*|»Cri#-C#5 o 
[0 0 6 5] © 1 3 te^K («x.tf 

OT^^Kl5a) <7)jS£*g&J!£|5 1 0 4 ^£gfit 
( a ) Sr, < £ fc 1 c mJ^Ji, L < tt 2 c mB 

[0 0 6 6] ® («*tf IrW*^— ^ 1 5 ) 

£R*t« (XM) a»fei:U Sr4>fc< £ 

t>£4#)4 5° «_b, ^Kffll 6t*ti5t, ft 
He (9 0° ) fcft#*t5J:5KLTV^5o rftfciiD* 

S G 

[0067] ® 9 ^ > (m^itm^ 

>r-7/H5(Ol^^ft:) t> L < te&JSS^* * *10 
1 co^iB:S^Tl^«CV^tf#aLOg(5^^r~^^— As 
Kl 5 a^m^ir W^^<^iffi$nTl^S^o a p£T* 
(DWcMfeM (b) Sr. Hi cmKl, &^l< 

(12 c mJLU±<t LT^So rtltCj:^, ■f^ftO^t) 
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[0068] tj:&^mm<DMm<DM:ftWj:m&mi*m 
[0069] tms <omM<omm m 1 1 vt. S3 <om 

(D ^ *^— mm 1 1 ^ 1 3 <D&m * * *2oi 

^11 Omm0^±4 Omm^OT, »4 L < fi 1 
5 mm <f> WJt 3 0 mm <f> £*Ttf>jf6fR4fc202 T'li 



t>^){cmmm02 &&WTZ>£o^Lfz<DX\ &JR=x* 
**20i St>^7 p 7X-7^:^< LT^JgliSSo 

[0 0 7 0] © 0)^1*3 V>T, &«=>** *201 CO^Jl 
k%&m%0202 <Dfom<0$£W\ (s) 4fi % 3mmaT, jj 

201 fc^ffiS/— /UKO|ftlM*202 (DrtJiORSPal ( s ) # 

[0 0 7 1]© V **— ffifii 1 1 — <^*&tt(^*5V^T, e 
aaW6«r3***t u-fe^**^-CS5«t-r5«J§4: 
= ** * i: i/t^# ^/u©j^ft»OfiC?»#i»» 

So rntciJ:«9, »«^C53gWSr*< ^®^r® 
r <0\^< < LTV>S 0 

[0 0 7 2] *ll*<0^«©*#«|*3l*«tt* 

8HJS^J^^Tf¥^(ctft^i-So 

[oo7 3] m4<D9tM<omfi mi 9^4<Dmm 
So flfflB*e*7 2©m*3***f4Nat-e, ^rtc^j 

NiT7^7 4, 10D-2V^r 
-^V7 5, NIT7^7 6, 10D-2V^ 
/U7 7, NS^^#77^78, X^ffl^tt^- 
^7 9Sr#/r*SSI*UTV^5o 

aii 1 1 ^(D^mm.m£ 13-1-13-4 *&&xn 

v\ *ixS:2 4>»JL, -tix-PixilSWttO*-— ^/wrtojft 
SO 4 5>C0 1 (DM S T% HfjfefB]tt>r — ^ 73^ C# 
tt>T *">-^C0fIltt^ — 5, 7 5{^g^b N 

^r-^ 75^ c^tt-r > t 0 -*' (omn^—-y^ 

7 7, 7 7S:S^t5- t(c<t 19 4o{c^J-TS±5^ 
[0 0 7 4] rftfcifl, MKM7 id»b«WftLfc 
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I^tt^- ^yU7 5<7);S:££ 5 0 c mt Lfc 

t#co^^, IJ^eocmt Lfci*J:9IBH** 

[0 0 7 5] © jtufEtd^T r[^tt>5r-^/Uj % \ft 
[0 0 7 6] ft:Jb\ ^Itlfc^^tBO^Wftl^lSWttaf 
[0 0 7 7] 

[0 0 7 8] [HiEfliJ l ] m l ttJB l o**«S:*i- * 

1 1 mm<Dmmw 1 2 a st^rtk:^, * 

tf>W»S:Sfli**i 2 b, 12 ct^V^T% «H4fc0>« 
«S:»fifcLT*9, j^ffi^l 3 (13-1-13-4) 
1 1 o-i2<fc-*$Mft*gflM& 1 4 £ 

13-1-13-4 left, W&Sft&£: lt» 

*r—-7)V\ 5SrJBi\ flijS&ajR 1 6^fe«-fr«l 7 £ 

[0 0 7 9] Stjf2^i§^®ai 1 6 H\ #J;ifi 6 0 MHz 
x 15 0W(7)VHFM)li?:Mt5o rcO^jUJg 

1 _hC0 4 OOO^m^ 13-1 — 13-4 {Z.m$ L/Co * 

Mint eisawst urwwft^-^n sm^-c 
fifjieiRitt^-^i 5{* N vHF&mm&&i&m£:x~& 30 

SltiK £ £ /> ft < -f 5 fc » \c ft % *< < {J£v> >f ^ 

[0080] mn^-f^y—mmz^^xte, m%^r 

5>*-efcftv\ fiu b9ib«^*i 7^e>j^m^i 3- 
1-1 3 - 4 * X'ommizi-^xtg u < ft s j: 9 k l 

[0 0 8 1] *HJfi«^*^S?^-«ffil 1*4, -to 
^^42cmX42cmiU ttfSrSUSRt 
U «^ci-5®^1*l 2 a(7)gli6mm* t LtV^5o 

s&ie*&«^ 13-1 — 13-4 it^y—mm 1 1 50 
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Hi 2 a*m«*^v^*«»#**j£t-5«Mtm 

2 b t o fdo 4 O^l&l^ 1 3-1 — 1 3-4^9 
^Jlf il 2 of 1 7 1 2 a OS 

(d. ) tLtz 0 

[0082] m2&m 1 ^t7^-igi 1 ^m^^tz. 

PCVD2 1lt S^g2 2rtCSJ6^2 3 

(^m^^titzm l^^-r^ y-mmi 1 ^^tt 

ft5fc<7>T-fc!K 2 7^ILtX^y7 9 2 8^ 

i 9 JUS** 2 2 Ltl^o 
[0 0 8 3] mriE^— ttfiil 107-^->-/UK2 9 
tt, ^X^as^-WSl l <tK£§§§2 2<oBIfc:* 
^■TSOSrBSCfcfei:, #^*Af 2 4 
frfcjfx (^r/i/y^tfx) 2 3 a* 9 «1S 1 1 Srii 
ot^XTt/^, SK25tflot*<J:5fct8 

$tt5 0 #*J£f3:8 OmTorrKlftS J: 5 tCWJSELT^ 

-So 

[0 0 8 4] ftufs^gic&^-c, Jtffi*»2 2rt»csrt; 
^2 3^t5<^, ^y^7y^y7XV(j:7^- 
WSl l<o«iaS3J:W*«2 5 tomfc»4Lfco 
*fe#JT-f2, S4K2 5Mc. 3 0cmX3 0cm^I^/7 
^®i<hLfc: 0 r ©tt»"eSfi 2 5 a - S i ©RRS: 
tfofc. 

[0085] 04 ic*mmmx<Dmmmmftif)*^ 0 

[0 0 8 6] 2 O^igi] H 3 ttH 1 fcTjk-t? 

mm* 2 &$&mtt\£$£W. i^tcm 2 <Dmmm^^^ ? 
y-mm 1 1 -efo 9 > m 1 ©3Wo»tt©«a«ift-jii6 

7^-tsti^i:t*fe^(OT% law 5. rom 

3Jc*i-2^j»«tc«3ELfc9^-«aii 1 

[0 0 8 7] ft*5, ll]{-^^^ftv^^ N ^^tc^cMcoS 
^C* -COEEHidsaKao 1/4-1/8 ffe^i^CtiS 

[0088] — fl^rlB^:s«ai^c*5v^•c4 ^ lS*&«Lfc 
^*oi/4J^Jitftor, Hft«^&itvMftB 

[0 0 8 9] [Jfctt«] tS*SiSr/Tt7y-tico* 
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±4 0%r-fc'9, 3efflic#i-5r£a«-cs*v\ 

[00 9 01 01, 2, 3{C^Lfcfi»jT?{4, «S®.6S:S 

[0 0 9 1 ] §!!Blj$*fc&— ftlclftfef^Sr^xSO;^ 
SfefT&fiflSCiSfc ( J. Appl. Phys. 54(8), 1983. 4367 ) 

o xx/ 4&xmm$$.<p-tz>feiE$L5rm-± 

o, &m&*x'(D$gm*x/4v,Tt-fti&, 

—mm t &&&m%m.Zf£m z> r £ k «t 9 ««Ett«r«MM 

T*# 3 4 5 Kft 9 , *S-^*Sr#5 r £ #T-# 5 «fc 5 
[0 0 9 2] 01 T'14 4 o(c Ufc r t K 4 9 , 

T'OSgSlli 5 8c mT-fc "3 , jfcBrO 1/14 T*fcS„ ^ 

[0 0 9 3] *fc, T-^fci^ftV^irKiS, T— 

[0 0 9 4] H3ro*e-»Ctt*t>av^4-CWEMIf4 4 

[0 0 9 5] $^lC^MtDfl;«{CioV>T, 8^ 

SE*C0l/4~l/8-efc5^-g"Ct,, l/8J^Til^ 40 

[0 0 9 6] iCDi^tC, *&m^^f>ftt>JSV^*-etO 
te*to*«*0> 1 / 8 ^TT-fcttlf, WBE5M&#» 

bft, SSin B p i-ffl v ^ * r t * s -e # 5 m— teUmm&ftM & 
#5ri#tt5. i/8J^±l/4Jii.TT-t., 
*aS§J£rov><15— I4*q#e>*x5 0 i/4KJb-CB 
j£«E«^lw 4 "9 , fciSvMa«©««i8«## 

[0 0 9 7] fife 1 ,^^®£D^-g-(C|i, ^fiiMto 
VTIiStiSV^* f (DggBt^ 1 /6 T-fo-SOT-tfclSW 50 
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fc. 

[0 0 9 8] wtUCitL, 0 1, 2, 3 IdTnLfctfijT* 

!6©*^i9©^ , 7X-v(col>Tlf, t£a!-r5iii£0iJ3-e 
[0 0 9 9] 01, 2, 3(^^Lfc4,^Sfcl42,^|&m 

rtbid*fu, 0^l&v^s, ##i*#iae-ei4is$6## 
[oioo] JLi&LfcSlifeWf 7^- SiSffccfc 
[0101] Sf l XtfSB 2 <7>^0yO7k¥1$7£*tt£ffl^ 

y v vm7?-wm\>&\m<D%>mmftX'*z>„ 

[0102] [|g 3 (OHJfi^J] 0 7 f4|g 3 OHJS^Jt^^ 

^57*7 x-7mm^m.<r>mm^mwm<Dnm.mxh 
0, mi<Dmm<Ditm<Diimte~mmmx'3bz> 0 071c 

^t<t5C ^3<7)H^j(c:^7)^*JlS*feffl;®ffi4 1 

**Lt4 9, M^4 3 (4 3- 1-4 3-4) frffi 

mmkmwmA 1 0-5720 ~^^srspn 4 4 t lt 

^l4**ffi«fiJ(CPS^$ttS fcOT*f4^V\ **JS^J(d 
*»d»5S5ffl«artt«S4 114, i2 5I^LfcIf8i 

0 3 1 (Dtmmw.i&WMMQ 3 8<Dixt>y izmmztizh 
(DxhZo 

[0 10 3] *^SS0ijT*(4, l^OS* 

*4 4*»e>3r^ffi«D, Hot»tjS4 3-l, J^ffi 
^.4 3- 2, 4 3-3, jig®^ 4 3 - 4 £r 4 

^figLT*5 9, i LT, «jl^*5cS«®4 lOESPS 
«0 4^i^«^4-ia-r5i 5i;ltv^„ 

-«mmm 4^p>ef«sggtD, ^t)ctms4 3-i 
ii&m,^4 3 - 2 t^aee^ix, p«^*&«^4 3-3 
i*&m,^4 3 - 4 i^iaebT^^o-c, 0 8ic^-r4 

9ic, «JE»**s»&«&- 1 * 9 , »«B»*K*»v^T, + 
^-4tO (±10%WT) Sri5: t-45T-t5o 
[0 10 4] C^4 0HSS^J] 0 9l4^4O^JS0iJ(C^ 

x^^#^eoi^jiK»a:@®o^ta0T*fo 
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5, j»«^5 3 (5 3 - 1-5 3-4) «riCJ3fttttttt 
S5 KO-a©^»*S:iiW|5 4 LTj*»W*>ffi 
■fcE«LT*St>^"T?*>5. 

[0105] *2fc*«-ett, « i (onasffj^tb^T** 

- 1 , ffimfc 5 3-2, 53-3, 53- 

4*>&Bf£E«D, ^totgfS5 3 - 1 

53-2^ ^Efi $ ti, mmz.&m& 5 3 - 3 1 & 

®^5 3-4 £jWE«LTfc50>-C, H 1 0 lC*"T«t 5 

T*. »BB»ritK*3V^T, +»*-ftt>0 (±10%H 
T) &#5rim5o 

[0106] [m 5 <7)3£S£#J] mil tt*36*SWI^^** 

-eft, *KKwufcjiS3awjiS4ojiii«icjt^T*B 20 
«{b«:iaofct><o-e*>9, mi ltc^-riptc, 

63 (63-1-63-4) 5:WMHi6 10- 

[0107] *jt*«-ett, s$«e 4*»b»i<oBf« 
6 3 - 1 1 j&m/ft 63-2^ *seb * *u rnm^ 

*l^@ff3effi«D, «rto"C|&«jK6 3-3i:i|&tt^6 
3-4 t3S«E«*JxT*5 9, JEte* » 2 oflf jfeeiBD. 
S:t)ottet^6 5-1 k'&n&6 5-2i#EIS 
*U RMHC* 2 ©JJfJMJiD, ^tot«S6 5-3 

6 5 -4 fcasEHSix, ttflt0JM£*S)?r£E 
«£fcoTEfi£;ft/rv^<E>-c\ HI 1 2 ic^i-J; 5 t-, 

&m-Dtzwmj&$uz$$\,^x, fth<D (±10% 

«T) «r#5rtm5o 40 

[0108] [^6 common bi3b»6 h^wc^ 
9, k 1 ©s»o»iiofflift-»i«t*5. mi 4 

[0109] m l 3 fc^i-J; 5 iBJaRBJE I6^b 
S^l 7^LT^#>r-y/H SKiS^yy KM 
9^~B®3 10)lg#3 2 a>^«/#£;h,5 
4W<0|&^-CQEgpPllC x 4o^M3 3 (3 3- 1 — 3 
3-4) SrEBLTfta 9, **lt«y"T?«4jie« 

,S3 3 (33-1 — 33-4) £:W£ 3 1 <OMU^X\± 50 
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—7sl> 1 5 f4*&®,£ 3 3\Z^\) y 3 1 <D 

mWfrb&ttttX&y , 60MHz, 150WOVHF 

[01 10] is 1 onjg^y i i^flKd^- / >^ >&ijkm& 

*jf4E 1 5(-> ±2 0%£Hrt(:/j:9, Sltttlc 

^i*M£x.6ttt££#£r t&X%tz 0 fcfcTU mm 

X&<teZ>mfatf3bV s 1 5 0WW±^A^t1j:^-tt 

[0111] ***«fcj:fttf, yy-littt, ^ 

U ^*tttVHF*i*iJajftA* 1 5 0WS**-Ccoit« 

[0112] in7 common aisit 5 y-Bffi-* 
sas«"c*>5 D m 1 6^-^(7)^{Rijam^fo 

»#*il&«^fcfeDJli»Ufct(0-C*>ofc 0 6 0MHz 

[0113] ^mm^mmi(ommmtmcmm^^^ 

T, W*&i"5ii5jaje*^Sr 1 0 0MHz , 2 0 OWXft 

[0114] t:t\ ^Tfntt^-^co^^ft: (m 

tfiaift^) 1 Omm0^l3^^^1Ol * 

^L#)it#>U ^(7)-K7^1il 1 <7>1iS$l 2 
bO^l 3K^'^102 "C@£L/c 0 mn&l 3 (Oh 

5 y y—mmw i2b^, tcommcommw 12a (4-r 

^<ticJ6mm^*^ r <£>&m = *# ^101 

2. 5cmiU »<R4fc**^*V^*UlLO»»S:2 c 

miU IrI**^— 5fflJ^^S^Sl02 *Pfe> 5 mm 

(D7-^v/-/UKl 5 a ^dft^jRl04 ^&5^-t* 
1 1 1 3 ^T^gggl ( a ) «2. 5 c m t Lfc 0 

[0 115] &JR=J*^*101 ^o^^tt^ — //H 5 

7^-Hii lcoS«2 5fflirS»«fJ (Xflf) 1-5 

y-mmi i^M\^xmm\ctj:^^o^m^ntc 0 

[0 116] **lfi«^*5V^Ttt, r — A> 

K2 9^b^JR3-*^^101 St^ifiggi (b) (43 

[0 117] 9^— ««SrfflV^TVHFKriBJ|ltt-e«8l 



( 12 ) 



ic x z> <o mit^mmtfj: siMisi^i: 

oSb^:4C5t)<?), ©I"1tt*" — *^j\s(D~r — ^ is — )V 

[01 18] 13i [^ttj^-XA' 1 5 (D^^ft: 

£^&Jg^***<a±££, ^«»ffifi^5^-«« 

^fM^^^-Ifi^I^iflSJ; 9 gl< ft 10 

9, ^jg^^^B^x^x^^-m^jiiao 

[0 1 19] jfeM&l 3 t^itt^-X/W 5(OT-^'> 
— Kl 5 a <D#S4g&JIg|51<>4 (Dgggt ( a ) '> ft < 

9. T — -X->— /i^K<O!|»4HA*«B104 £>£;b«9 
X7Xv^<^ot 0 rtui, ^mfio^^—s^ii 20 
1 <bT — xMiiLCDT — Xis— >v K<£>*WB&JR104 cDgg^S 
#«< fcofcfcA, rcOPfl{C^-f 6*#^||< ftofcfc 
^i:#x.bix^o ft*5, £§BS (a) Sri cmKTi:t5 
iT- K<0*MB&*llO4 co^JbtUcX^X-edS 

[0 12 0] HiW/H 5*5±t«kJR=i** 

*ioi ^y^-mmi Komm (ss2 5tg^ii) rt> 

=i***101 -^tt*-— X/W 5 (£>i/— Kc7)£;b<9 <£> 
tt#2*5i< ftoTI*]ttl*— XA-1 5©i/-;l/KOifc9 30 
M< ^5X-7©5SS lto«S< 45 t i fcC, me 
^5X-7#Sfi^e)Jk«Wi!<4!), $fflfiSS#*- 
^JKlP^/h$< ftofco ftfc\ ^X-fflSl 1 tmmtr 
-^/H5i:©8#ltMS:4 5 0 ^T<hif-££:, 

X/H 5<£>v— /H*<D£:b9<DX9X^aS3ft< ft 
9, #£L<ftV\, 

[0 12 1] £fc, 7-Xv'-;l/K2 9^b&JR=i** 
*101 lkX'<DmM (b) ^M<^tlcmK±, »* 
L<li2cmK±it5li:^j;^ &«=*** *ioi 

#7t c ft*3, Sggt (b) #1 cmBimX7Xv^ 
<ft0, PMTUU #*L<ftv\ 
[0122] [Jg 8 collffi^J] 117^ 9 X-S@^ 

<o»iSft— HJE0»JT*&5o Hi 8tt*<OA«B4t*:BI"C*) 
So *H*«-Ctt, 7^-111 USS2 5, Sffit 
-^26, T-*>- /UK 2 9«rHlkMl tl^fl^I 
Lfd 0 Sfc, 7^-Hil lCO^tt^l 3^^X-®^1 
1 1 ?rtH^c-r^^l 2 a t|flDg6mm^SUS 3 0 4 50 
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WXXZtc&m*^ #201 £2aC200 X-mfel-tZo 
JK^***20i li^ry^H,]; 9 tii^iSi^ 
r/i^^^ft^&JBv^fc&v^ r:ti^»»^ 

it^»x.^«CSUS 3 0 Ufc 0 
[0 12 3] ft^o, ±aiU7tHS£WlT-*i, ;fa£J:LT, 
ft^/hteD^^Tl^Tc/^ ^01 2 0MHz 

[0 12 4] *HJE0lJ-efi, &JR=i***201 

Mnfrjfitt*2<>2 t-gofc 0 %mmo2 <d x rt&ia&B 

3***201 (Dftm&Q lmm±< IT, Rfiffl ( s ) £ 
0. 5mm£ ^Stt 2 0 mm 0 £ Lfdo J6IR4&202 <D 
ft'&k&m^ 1 *? #201 <Dft&<Df&Wi (s) ^3mm« 
±hZ>b, 6 0MHz. 2 0 0WSk±<DXt)XZ-<DffiW\ 
KJM^CSrtjJSWBSJx*:. L*»Lft3W6, 
M'JO<t5^, R&PrI (s) R5mmW12 0MHz 
, 2 0 0Wtfeft«tt4i:*^ofc 0 #fe*f«02 
OWl0mm«KTtfc5t, [^i:<6 0MHz 
„ 2 0 OWKi^tr^lllC^W^^^XV 
a««£L,&. L^Uft*S&, mmm202 ^)W2 0m 
m0-Cfll 2 0MHz , 2 0 0Wtt)MMCtoo 
fc. 

[0125] El l 7 fc*1-<fc 5 #IIJ£0y"Cti\ &JS 
=i***201 bWM*fo2Q2 fi, ^ii7^*>-/uK 
2 9K8Wfc UirX^^/^203 ^ii"T«5g<fc Lfc c 
$P^(c:[s]$4^-X/u l 5 (©3fe*«c:«tWtfc = *^ *204 

[0 12 6] Sfc, I^W^r — X/H 5<0^fr3»ft2O5 ^ 

7-^^-;VKl5ali 5fe^y>X207 |d*S|U, ^ 
Xy^Xy>^X208 £^^204 <Dl&-f v h209 t?, 
T— ^i/— /VK2 9CDUirX^^/U203 ^SiggLfco 
[0 12 7] £fc, ^206 (^^Stt^JIR 

(s) ^0. SmmiLto U-feX**/l-203 t 
**204 -e«*-f-5*»*B<Z>rt<fBtt % WMm02 Srfg^ 
iAA,fc:«^i: -r-<Tc7)|^Pp1CDiii:^(7)Pp1(7)Sggi$r0. 
5mmtlfc 0 RKRI (s) ^3mmBl±J)5t 6 0MH 
z> 2 0 0WJL^±T^®^^C/c o 0. 5mmm 1 2 
0MHz , 2 0 0Wt?t)ftSL4^ofc 0 

[0128] m7 <Dmmmxtemmi8L%c. ±s<?- m 

MlOOMHz , 2 0 0W) TfeoT ftSSKM 

ixfco wixfi, ^BftX9X-^*s»< ft 
»«^|gw^ft<ftofc^fe-efcofc 0 
jB7©jofc«^f^*»«rii*t#rtiuftv\ mnoj^ 

[0 12 9] *6©jt*«^E«^J: 5(-S«<t>ctr&]i- 

6, ^7^^SS^iJ<7) 



# 



( 13 ) 



mJSfc&it. (fflZ-ti 1 2 OMHz ,200 

[oi3o] *mt&mx*nmmM<D&m^*? * <n&t> 

[0131] ^201 t U-tr^^^yU203 CO 10 

[0132] &mMmiz&\,^x, mmy>)202 &&m=* 

5ffllB«r*<i-r ifc J: 0 

ttfc5 0 il«tffToJ:5K:, 5 3b* 

[0 13 3] ^JR=i^^^201 (£>£fr<9 <D$&m ! %)202 \Z. 

[0 13 4] &JR=x^*201 (DmW(OBM^}202 (Dft 30 

[0135] mmw202 (Dft&ittttmRmtt&in 

i"5 ^ 9^-««<o±tk«^ t»»Sr*x.-c US 40 

ILL, *««lcifWU4v^Hi:**.bJx5 Q 
[0 13 6] =«-*^^u-fe^^/wa5tt«Brt(f|Jtt, 

[0 13 7] eaM»»0»f+J"tS:=«*^^^"fe^ 
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[0138] 9 <£> H££#J] m 1 9 f*^ 9 OHJS^J© 

te-mmmx$>% 0 020 tt*^*M<7>»*fc^fc* 

0>«fcg:[2t?#>5o Hi *3ii£#J<£>^ 
-ISllll i*JH«««7 l^feSE^*7 2«r^L 
t, HWl^— ^/l/7 3t?flt<&UTV^6 0 BftlBtt-frSI 7 2 
c0tH^3^^^fiNMT% *rjcmtt^r-^/U7 3S:SS 
UELTV^S. iaH*4r— ^7 3f4«H4>r Vtr— 
0 QOl 0 D- 2 Vtr—'?Jl'X\ lmi Lfc B 1^ 

^7 30H*f4Nffl3*^^i: U 5teffiH»J£N 
ST7^ 7 4fcofty2ofc$MMLfc 0 mid 2* 
<£>4$tt-f ^>-^ 50Q(D10D- 2V^/l/7 

b{C2oCON®TT^^ > ^ 7 6Trf+4 0{C^JL^o - 
ix^tC$^(df+4*:O^tt^>'t 0 — y>-^5 0Q<D1 0 
D-2V^r-^7 7Sr8iUc 0 r/A-gi* tt-tti 
ftl2 0cm^U: o n ^W4B fc NSa* * * T\ 5fc#S 

f*6&«^>''* (El^LTV^V^ ^ISBfCftWitfctf 

*!• a«^^^^rt^«fh4*<OKSfflratt^ — ^7 
9£r/BV^T, 1(7)4 0W|&I^1 3 (13 

-1-13-4) ttti?tiM1gtl,1t 0 *Stt-tix-Pix 
9 0 c mi L/c 0 

[0 13 9] ST, 2 4>WUfc»4>©2*©|3*fc^— ^ 
/U7 5CQg$£r, ^tim6 0cmtt/c o llWft 
£13, NlTTm 7 4rt»©»ft^f,Blll^-^ 
yU7 5 SrloTNSTT^y^ 7 6^»^KjS*"1? 
&m5o S^§|7 2T^^^>-^Srftt), 10 

OMHz, 2 0 OW^VHFffi^St^Mtto Si 
H 4 Jfcfi 2 0 0 seem, I±Jj 8 0 mTorr"CK^L^ t Z 
5, SKId[6. 5 A/ s ^7*^7 r ^ V y a y 

[0140] W:, 2 4>#JLfc«fB5>0 2*<oratt^r-^ 
^7 5^)g^, *ft€il5 0cmtLt, y 
^V^^rSi^, 10 OMHz, 2 0 0WOg|SiS« 
J^Lfco P]C< S i H, ^*2 0 0 s c c m, J£^l 8 0 
mTorr-TrSilli LfcirC^, KJHig«10. 2 K/ s "CT-=e 

[0 14 1] m$&fr — ^7 5C0g^^r 5 0 c mi Lfc 

|S]<tt>$r — yOu- 7 3 » 5 0 Q , >^/U 7 5 (4 5 0 Q 

^2*afeyiJTfc5^fefh2 5 Q, ra«^r-^U7 7f4 5 

[0142] i20O<t^-A, B, C, 



1 



Ra , Rb , Rc cor^tc r^cu (c^-rs: (i) (omvk 

[0 14 3] 
t^C 1 ] 

- (1) 



( 14 ) 



Rb ={ 



Ra Rc 



tt^mjKf±pi78 ) c^bttti^o 

[0 1 4 4] *3!t&0«J-Cfcl^tt^— ^7 3 4: A, 2 
<t#;Uxl*\ «T r|£2j fc:3W-J:5teS; (2) asjfco 

Ra =5 0, R B =2 5, R c = 12. 5 
[0145] 

[12] ^ 

20 



2 5 



=1 



5 0 • 12. 5 



(2) 



[0 14 6] KWfi^niciiofcrtia!), fi-a-ss 

[0147] &mM®}X°l-S.&&4>'\?-y^X 50Q© 

v>&ifrrEmim&*m^xi>. tie r*3j k^-t*. 
$sta./4 k-t-zz.tiz£y)mm<o%imm'&x*%z> 0 40 

Ra =R. R.. =R/2, Rc =R/4 



- Rc 



(3) 



[0 14 8] Sfc, 4#fflLfc$fc«r$e>fc-fcft-e*l4# 
[0149] 

[^B^o^j*] EULKWUtJ; [iMtJgi] <7?i§ 50 
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sr. btfx-%. &}—?mmmg. / *r 

[0150] [it**2] (OftmicXtU*^ f»*«HC 

[0 15 1] [»**3] ©y7^IISf»«Ki: 
<fc*U4\ EJC*»rttett«*«* <fc#¥fl 

it-feoT, «{iie*Jc«ffl;s^t»*« i xnt 2 (Dttmnte 

[0 15 2] [|f*3S4] <7)^B^(-<tnf4\ »**3{C 

[0153] 5 ] J:*itf , 3 X 

14 4 fc*lV*t\ S-&S*^#^ffl;^4t?<75«^ie3imsS 

[0154] [»#JS 6 ] ©Il^iajltf, Sft*]g 3 75 
[0 15 5] [fS*JS7] cDlgBJJ- <fc*U2\ fif#Jg3 75 

&mu<r>wm*. b h i cmw±t-rs<73-e, * 

[0 15 6] [»**8] <0&9i\Z*.tlt£. W**3 7i 



( 15 ) 

[0 15 7] [»3fcJg9] (D%W^£titf, §»*«3 75 
^JffigB#ST'05:ftMSgl8££, '>4<ttl cm^lit 

[0 15 8] [fS#gtl 0] (O^B^t^i^fi, W*«3 

£^ ^t-ll 0mmW±4 0mm«T<Oai«lTS9© 

RatfEO*6-ttWb«rB&JJ:i-« £ t #T*£ £>„ 
[0 15 9] 1] ©f^iatlll Bt#JSl 

Sr. 3mmKlTit5©^ ^©MCJSin^^X-? 20 

[0160] [ft*jsi 2] <D^mizxtn-£. m#m3 

^?£ * /i'(OfflfoUfo&(n^&£#-hftWs— 

)V K©W©S*l6i«?BS(ni]Sr 3 mm^T£ Lfclft*fll3fi4: 
t5©t. ittSEfl;#T-eJiif6^: ! feicfi«ijft*sijfEjx^< v^ 
05 -c\ Sfe««atSr«i$iJ b, *5cffl;^iew!9(c< < br^ 

So 

[0 16 1] [fitJfcJgl 3] co^B^fcitLfi, RJfc&S 30 

Wofc*Mrogg«l^, «^jgcoK^ c fl6ftcoi/4WT 
£ * 5 <£ 5 £ &nM.v>GLW.*WCfe-r 5 0 

KiSS^SrttSr £;!>s-C£-5„ 40 
[0 16 2] [ft**l 4] O53S0J3tcJ;*uf, S^S§§ 

T-fet), ^*4-Jr-^Sr2^Jb, ^tu-m 

^K^05Kfi:C 4 #05 1 CDg $T\ iufBlH] W^— :/ 
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[0 16 3] [f»*«l 5] ©»WlCi*LHt. 

[0164] 1 6 ] ©ftJigyy X-=?3§£|£H 

St'fcot, SfftSI&m^Sr 2^JW±05#^i br^«-r 
[0 16 5] [»#Jgl 7] ©3BW»-«t*ttf, »*JSl 

f^Sf 5 7 y-««±©*ffi^#4r^/hS < Hi*. 5 r. 
[0166] [|**3S 1 8 ] 05^BJ{c: itbtf, fi*JS 1 

I6jfl«n«i*— zfjvxtb t) » ^l^tt^-^Sr2^SiJb, 

^<Dmm^-y^mmi-^ r t ^ ± >? *j»ii^w bo 

[0 16 7] *^BJ(cJ;tL«. KJ?^^-4^^ B 

SrHofc»tt»fig^*iV^r, ftfco (±10% 

[mn *&w<Dmi<D$;mnmizfrfrz>77?:-?mm 
mm<Dmm$ittmnm<o®$imx'»)Z> e 
[ia 2] mi<Dmmm\zfafrz7 , 7x^mmmm<omm 

[03] #»Hro«2©#nis«Ka»a»5^?x^3K» 



( 16 ) 



0T'fc5o 

[si 5] *mw<Dm2<D*nm&ncfrfrz>m$gm&ftm 

[0 7] **Wo»3<D*l6jK«fc^5^7X-eJK* 
4>*BIT**>5o 10 
[010] fg4<oHJ6«*c^S«ffiS:fflv^ti^^fl 

[0ii] xftmnms^mmmizfrfrzyryx^ 

[0 12] »5 0H«Sfl»J^^5«ffiS:ffll^*&0« 
[0 13] *38W^SB6<0*3lllfi«K*^5^5X^||!S 
[0 14] »6^HJfi«|C^S««SrfflV^#-&(0« 
[0 15] *7<D||*«fc*^5 5^— »Bi^<Z>j|i&*» 
[016] 01 5©B«M(Bat?*5 B 

[017] m8<Dmmm\cfrfrZ7y—mm^<D%£mM 

[0 18] 01 7<0Atttfc*:H-C*>S. 
[0 19] *9©*160!lO«*^«*afe©«lftB|-C*> 
5 0 30 
[0 2 0] ||S9©lt*«0»***i-fc«>0||t-asB|-C* 

[02 1] ^X^cvdSSB^MHHt?*)*. 

[022] «*«>9^— awrtt»Ko««H-e*>a, 
[023] ^^*<oTfT¥sa^»«»ffiSrfflv^fc^7x^ 

[024] 9 t ^ptf v«® «a i <£>si£ 

St3 0 c mX 3 0 c m-C^^^X-^WaijaiftfttBW 

5o 40 
[02 5] ^9X-r3R3»S6«0«(*H-C*>6. 
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[i2 6]«^S^f, iftjaft»tttt«&tf£4K 
o^&r/EKo- ^JSr^i-0-efo^o 

[0 2 7] «*ft«t-^5««S:fflV^fc»'&0«EE» 
[»*©IM!] 

1 1 yy—mm 

12a, 12b 

13 (13-1-13-4) fcftj£ 
1 4 S«« 

1 5 m^A^r—y^ 

1 6 

1 7 

2 1 P C VD 

2 2 KS^S 

2 3 frfctf* 
2 4 

2 5 &£ 

2 6 g«iPf& • ^J^S 
2 7 

2 8 Jt^^ 

31 >/y jx vm^y-mm 

3 2 %1£& 

33 (33-1 — 33-4) 

4 1, 5 1, 6 1 
4 2, 5 2, 6 2 
4 4, 5 4, 6 4 

43-1, 43-2, 43-3, 43-4 
53-1, 53-2, 53-3, 53-4 H&m& 
63-1, 63-2, 63-3, 63-4 
65-1, 65-2, 65-3, 65-4 J&fLS 

d, , d 2 , d 3 ffijzmm 
7 i mm&nw 

7 3 mm^-y"^ 

7 4 NST7W 

7 5 1 0D - 2 V^r — ~? )V 
7 6 

7 7 10D-2VW/1/ 

7 8 Nl^*^^#77Vv ; 

7 9 HffiffllHW^r-^/U 



[02 0] 



\1i — > Ra 

o 



<D B ® 



Rb Rc 

i o 



N4 
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[03 ] 




[02] 



22»£#& 



[016] 
102 




omm 



201 



( 18 ) 
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[1214] 



[15] 





44 




[(21 0] 





33-3 32 J 33-4 

31 ^'J v KH**-M 



[Hll 5] [119] 
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[@2 6] 

[125] 
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(72)%W% ft EH iEjg 

ft^mftlH»rfT!^*SBriTe717#l^- = 



*«fKS«FrMS©ii& i # 1 * hsu 

(72) »W* i£1t 
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(72)»IJH# /h«H& «q <72)»lJi# «N Tfife 

<72)369J# $B *- (72) $891* XA it 

#&Jl|JW8»m&JRK#ilt--TB 8#ifil «^m;ftiii»mgii*BTaiTg7l7#l-§- = 

(72)$gW# #.9 IE© F^-i»(#3f) 4K030 FA01 GA02 JA03 KA15 KA30 
MMU r f-ttm&-%(D[h— T@ 5#1-^ H 5F045 AA08 AB03 AB04 AB33 AC01 

flllttS^it^ AE25 AF07 BB02 CA13 CA15 

DP03 EH04 EH08 EH 14 EH 19 
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